1 




Digitized by Google 



Digitized by Google 



Digitized by Google 



THE 



QUARTERLY 
JOURNAL 



Of 



THE CHEMICAL SOCIETY 

or 

LONDON. 

BDITBD FOR THS SOCIETY 

BY EDMUND RONALDS, Ph.D. 

FROrXSSOa or CHKMIST&T IM ttUEJUl'* COLLBOS, aAI.WAT, iksland. 



VOL. 11. 



e LONDON: 
HIPFOLYTE BAILLIERE, PUBLISHER, 

219, REGENT STREET, 
PABIS: J. B. BAlLUiaV, 13» BOB OB l'bCOLB OB MBOBGIBB. 

MADBio: baiipLT bailu^bb* caliiB obi* PBIBCIPB* 

1850. 



Digitized by Google 



4 



LONDON r 

Printed by Schulze and Co., 13, Poland Street. 



Digitized by Google 



TUS . 



QUAETEELY JOUENAL 

op THB 

CHEMICAL SOCIETY OF LONDON. 



Nov. 20, 1848. 
W iUiam AUen MiUer, M.D., in the Chair. 

The folloiring presents were laid on the table : — " An Essay on the com* 

parativc value of difliereut Icmds of Coal for the purposes of iUumination," 
by A. Fyfe, M.D., presented by the author, and Taylor's Calendar of the 
Meetings of Scientific Pioclics for 1818-49, also from the author. Messrs. 
Alexander Bain and William John Hay, were dnly elected members of 

the Society. 

The foliowiug letter and communicatious were read : 

On traces of Copper and Lead in the ashes of Coal^ by J. AitTiit R 
Philups, Esq., in a Letter to Mr. Warinylon. — The writer having read 
"with much interest a paper by Mr. A^aux, m the Transactions of the 
Society, in which was a list of coals containing traces of copper and 
lead recorded, was induced to repeat the experiments on the ashes 
of some of* the coals, which had passed through his hands in connexion 
with *< the Admiralty Coals Investigation in no instance howerer was 
he able to detect the presence of the slightest trace of either of those 
metals. 

Mr. Phillips' experiments were made on the ashes of the following 
coals from Newcastle, viz. : 

Carres Hartley, Newcastle Hartley, and 

North Percy Hartley ; 

these were followed by the examination of some specimens from liver- 
pool, viz: 

The Laffalv Knshv Park. 

The Johnson's nml \Yorthiiigton*s, Sir John, and 
0 The Blackbrook iiushy Park. 

VOL. II. NO. V, B 
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Wigan Coals. 
The Bolcaries UnSasj, 

Scotch Coals, 

The Eglington, Tlie Welhvood, 

The Fordel Splint, and Wallsend Elgui. 

Welsh Cmb 
The Pontypool, The Bedwas, 

The Porthmawr, The Ebbw Val^ and 

liinoi Coals. 

An anthracite from Slievardagh in Ireland, and 8 specimen of coal from 
Conception Bay, Chili, were also tried with the same results. 

It would therefore appear, that although traces of copper and lead may 
occfisionally occur in coal, their presence is extremely rare in the districts 

above mentioned. 

In these expcnmont?; ( ai i w as taken to cm])loy water perfectly free from 
metallic salts, as ou Lxauuniug the ordinary distilled water of the labora- 
tory, some of it was found to darken slightly on passing a current of 
sulphuretted hydrogen through it ; no water was, therefore, employed 
which had not been pre\ iously tested and ascertained to be free from traces 
of the metals. 



Analysis of BlackHuht Soda^h, Bsc*, by Frederic Muspratt, Esq. 
— Conducting the operations in an extrasiTe Soda Manufactory, I 
have repeatedly to investigate the several processes in all their intricate 
relations, and more especially to analyse the numerous products in order 
to arrive at the necessary quantities of the different substances that should 
be employed in the mixtures, for the production of a black-ash that would 
yield, when lixiviated, the largest amoimt of subcarbonate of soda. In 
the fabrication of soda, as in all other technological processes, correct 
data can only be arrived at by ascertaining exactly the composition of 
the products. Some of my resulis uru completed, and as they may prove 
interesting to the Society, I transmit them through my brother^ Br. 
Muspratt. The analysis of black-ash bdng somewhat complex, my mode 
of procedure is appaided, as it may fadlitate the progress of others 
^barking in a similar field of research. 

I dissolved a weighed portion of black-ash in aqua regia» boOed and 
filtered the solution. 

1 . The reridue was wdghed on a dried filter. It consisted of charcoal 
and sand. 

2. I evaporated the filtrate, and digested the residue with hydrochloric 
acid ; filtered again, and determined the amount of silica which remained. 

3. The solution was treated with ammonia, to precipitate the phosphate 
of lime and peroxide of iron, which were ignited and weighed. 
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ANALYSIS Of BLACK' ASH, SODA-ASH, &C. S 

4. I treated the filtrate ftom 3 with oxalate of amniMiiiy predpitating 
the lim^ from the amoimt of which I calculated ita oompoundii with 
sulphur and carbonie add. 

6. The filtrate was evaporated with sulphuric acid, to obtain stilpliate of 
soda and sulphate of magnesia, from which, after deducting the magnesia, 
determined in the usual iiinini r h\ disso!\ in<; the compoiuKl and pre- 
cipitating with phosphate of soda and ammonia, I obtained tlie soda ; 
and alter calculatiug the quantity that existed in combination, determined 
the amount of caustic soda. 

Another portion of the afih was treated with concentrated uiuic ucid, 
and the sulphuric acid precipitated by means of nitrate oi baryta. 

Water was then added to auotiier weighed quantity of black-ash, till 
aU the soluble portion was dissolved. The solution was then measured 
into three parts, and the chloride of sodium, sulphate of soda» and sul- 
phide of sodium were respectively determined. 

The amount of carbonic acid was ascertained with the aid of Will's 
apparatus $ an aqueous solution gave* in the first instance, the carbonic 
acid combined with soda, and secondly, the black-ash treated with an 
excess of ohromate of potash yielded the total quantity of carbonic acid. 



ANALYSIS OF BLACK^ABB. 







Calculated ou 100 part* 






without chiiTcoal and isn< 


Carbonate of aoda. 


. 17-181 


18-804 


Caustic soda'i' 


. 7-970 


8723 


Sulphate of soda 


. 1-500 


1-642 


Sulphide of sodium . 


. 0-900 


0*985 


Chloride of sediam 


. 2*600 


2-846 


Sulphide of caldum . 


. 26-048 


28-509 


Carbonate of lime 


. 17*045 


18-655 


Caustic lime 


. 8*355 


9*144 


Peroxide of iron . « 
Phosphate of lime • 


•j 3-817 


4-178 


Silicate of magneda • 


1-480 


1-C20 


Silicate of soda • 


. 4-472 


4*894 


Charcoal and sand • 


. 7-942 






99-280 


100 000 



* Sines ibis analysis was read to the Society, a paper ou the producti ol the Sods 
Msnufiictiire, by Mr. John Brown, has sppesred in tbe Philosoptaioal Magasine for 

January 1849, in which the author objects to the manner in which Unger and 
Richardson have stated their results with regard to the carbonate and caustic soda. 
Their determinations appear to me most satisfactory, as they rei>ic*eut tlic value ^ th« 
compound obtahMd hi the process of manufacture in the same way that oae wouldfatate 
the lichneBS of a metal procured in the manufacture of prussiatc of potash. Did the 

B 2 
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The above results justify the assumption that a donhlo cnlt of sulphide 
of calcium and lime is formed, which is insoluble in water^ whereas the 
sulphide of calcium is soluble. 

The method employed in analysing soda-ash, was similar to that described 
witii reference to black-ash, it will therefore be unnecessary to repeat it. 



ANALYSIS OF SODA*ASH. 







Calculated ou 100 parts 






without cbareoti and taiid. 


WTntHWlO OI SOCHI • 






CaoBtic soda * • 


. 4*881 


4-961 


Sulphate of soda 


5*110 


5*198 


Sulphide of sodium . 


. 0*630 


0*640 


Carbonate of lime 


. 0*320 


0*325 


Peroxide of iron 


. 0*324 


0*329 


Carbonate of potash . 


. 0-200 


0*204 


Cyanide of sodium 


. 0-012 


0-013 


Silicate of soda . 


. 2-400 


2-442 


Chloride of sodium . 


, /ISO 


7*256 


Sulphide of calcium , 


0-200 


0-204 


Charcoal and sand 


. 0.65D 






98-951 


100-000 



It will be seen from the above analysis, that the quantity of caustic soda 
is yeiy small, proving that the carbonates genendly employed may be 
dispensed with, as the access of air performs their office sufficiently for 

general purposes. 

I have also had occasion to examine many specimens of pyrites, both 
before and after ignition, and have invanably found the burnt pyrites to 
contain its sulphur in the form of sulphuric acid, most probably in the 
state of a basic salt. The mass is perfectly insoluble in water. 



l^^Anafyfes €fthe Mhes of some Esculetit Vegetables, 
By TiioRNTON John Herapath, Esq. 

At a period when so much attention is paid by scientific men, 
both at home and abroad^ to the inorganic constituents of plants, 
and when many of our chemists of the first standing are cn^atrcd 
in their analysis, the detail of the results of some expeiimtiiLal 

quantity of caustic soda depend entirely on the excess of Utue employed, tho carl.oiiate 
and ooustic soda might be readUy calculated, as weU aa the eompound salt of the 
sulphide of calcium. 



Digitized by Gopgle 



ASU£S OF £SCULENT TEGETABLES. 



5 



irM|iiine9^ which I have lately institated, into the chemical oonstita* 
tion of the ashes of some of our commonest esculent vegetables^ 
though few in number, may not he thought uninteresting by the 
members of the Society; for although my recent experiments on 
this subject, which I have already had the honour of communicating 
to the Society, would appear to show that we must not expect much 
benefit to result to physiology from the analysis of the inorganic 
sabstanees contained in such a heterogeneous assemblage of parts 
as that which occurs in any separate organ of a plant« still it cannot 
but be admitted « by every chemist who may have witnessed the 
great improvements which have, of late years, been introduced in 
the cultivation of the soil, that such anal3r8es have proved, and are 
still proving, of the greatest assistance to the practical agriculturist 
m numerous ways, and are of especial service in pointing out to him 
those particular substances wliich are most beneficial as manures for 
his crops. It was with this latter object in view that the following 
analyses were undertaken. 

All the specimens examined were partit ulai ly fine and in excellent 
preservation, and were^ witli wry few exceptiun.s, obtained from the 
places in which they were growing, by myself; I was ronscqueiitly 
enabled to ascertain cvcr\' circumstance connected with tiicir growth 
which it was necessary for me to be acquainted with. 

The greatest cai-e was taken to remove all extraneous matters from 
the plant prior to burning. 

The processes followed in the preparation and anal) sis of the ashes 
have been already described in a former paper to the Society. 

I. — ^scuBTT-onASS {CHoeMeona angUea), 

This vegetable, as is well known, although not ordinarily con- 
sidered ns an nrtifle of food^ is occasionally resorted t j as such by 
sailors, after rL'turning from long voyages, or when sufFermg from 
scurvy, produced by a deficiency of vegetable aliment. It has 
been found l articularly beneficial to persons sufiering under this 
disease, and hence is derived its popular name. 

The plants, the ashes of which were submitted to examination^ 
were found growing on the debris of new red sandstone-rocks, near 
the banks of the hver Avon, which were occasionally submerged 
at high tide. 

a. 6M0 grs. of the fresh specimen (entire), gave 710 grs. of dry 
vegetable matter, which left upon incineration 156 gis. of ash. 

b. 5000 00 grs. of fresb^gave 574-70 grs. of dry, plant, which left 
m il grs. of ash. 
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Theie experimeiits gire 2*4^22 bb tlie mean per-centage o£ Mb 
ffom file fireali^ and 21*0770 as that from the dry^ plant. 
' These ashes were found to consist in 100 parts of : 



iBLE SALTS . 


I. 


II. 


MEAN. 


uai'ooiiic aciu . • « 


O OoU 


o OOU 




SiiiliiliiiT'ip fipirl 




.^•24.4. 




liiospiioric acLU. • • 


traces. 


^ n ^ 

traces. 


traces. 


xoiasu i • • • 


iraces. 


n«i on 


U U JU 


Soda .... 


7-710 


7-7G4 


7-737 


Cliloricle of sodium • 


63-510 


63-758 


63-634 


LUBLE SALTS : 








Carbonate of lime . 


7-079 


7-279 


7179 


„ „ magnesia • 


1093 


1-471 


1-282 


Sulphate of lime 


traces. 


traces. 


traces. 


Phosphate of liiuc {Iribasic) 


11030 


9-483 


10-256 


„ „ magnesia • 


traces. 


traces. 


traces. 


Perphosphate of iron » 


0-503 


0-779 


0641 


Silicic acid 


2*495 


2-633 


2-564 




100-024 


100-070 


100-047 



Deducting the carhonic acid^ we obtain the following per-CeAtage 
oomposition : 

Sulphuric acid .... 3-383 



Phosphoric acid 
Potash , • 
Soda 

Chloride of sodium 
Lime . • 
Magnesia 

Sesqui-oxide of iron 
Silicic acid 



5-453 
0054 
8-359 

68-701 
10-282 
0-G58 
0-367 
2-763 

100 000 



II.— CEIEBY {Jpkm graveokm), 

a. 1555 0 grs. of the fresh young shoots gave 101*4 gfs, of dry 
vegetable matter, and left 17-1 grs. of ash upon incineration. 

b. 4546-70 grs. of the same specimen gave 307*25 grs. of dry 
matter^ and 50*00 grs. of ash. 

Mean ner-centafce of ash i ^^'^^h plant . 1 -0996 

Mean pci-centagc ot asb ^ ^.^^ 16 2720 
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SOLVBLI MAWn: 


I. 


II. 


MEAN. 


Carbonic acid . 


7-967 


8-407 


8187 


Solpharic aeid 


0-957 


0-983 


0-970 


Phoaphoiic add 


6-419 


0-423 


G121 


Potaah .... 


29019 


29-657 


29-338 


Soda .... 


traces. 


traces. 


traces. 


UUQnde or aodium . 


32-909 


31-651 


32 2b0 


InSOLUBLB SALTS: 




Carbonate of lime . 


7-310 


7-652 


7-481 


• 

t$ luagnesia 


traces. 


traces. 


traces. 


Sulphate of liuie 




jj 


it 


rnospliate of hmc [^Inbasic) 


13091 


14-279 


13 685 


,y magnesia . 








Pcrpliosphate of iron 


traces. 


traces. 


traces. 


Silicic acid 


2092 

• 


1182 


1-637 




99-764 
• 


100234 


99-999 


Aflir the deduetimi of the carbonic acid, the compoaitfioii in IC 


parts will be : 








Sulphuric acid 


• • 


1095 




Phosphoric acid , 




14-390 




Potash . 




33144 




Soda 




traces. 




Ciiluridc of sodium . 




36-466 




lAnw. . , , 




13-056 




Ma^•!lr^la . , 




traces. 




Sesquioxide of iron 








Silicic acid . . 




1-849 





100 000 

III.*«H»A-KALs {Cramhe mariHma), 

I have analysecl the ashes of this ])krit, taken at two different 
periods of its growth; firstly, those of the full-grown leaf and 
pctiolp; and, secondly, those of the ynnns" blanched sprouts; the 
plant, in the meantime, having hem w( 11 inauured with horse-dung. 

Soil, — Kich, porous, and sandy garden ground, lying on the mill- 
stone-grit^ which contained a pretty large proportion of carbonate 
of lime. 

1097 0 grs. of the frrsh leaf, kc, jrnvc 113-4 grs. of dry 
vegetable matter^ and left 19*0 grs. of ask upon incineration. 
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h, 1737 0 grs. of the same specimeDj gave 179 0 grs. of dry 
matter^ and dO*004( grs. of ash. 

, J .ft,/ from the fresh leaf, &c. . 1'782 

a, 1158*0 grs. of the fifcsh young sprouts gave 83*4 grs. of dry 
vegetable matter, and left^ upon incineration, 8*298 grs. of ash. 

6. 1787*0 grs. of the same specimens gave 125*1 grs. of dry 
matter, and 12*447 grs. of ash. 

mjr A i» t r from the fresh vouiiff sprouts. 0*7108 

Men peM^itage of a«h | ^ " i 9.9490 

• Old plant. 
I. 

15-157 



Soluble salts : 

Carbonic acid 

Sulphuric acid 

Phosphoric acid 

Potash . 

Soda . 

Ckloride of sodium 
Insoluble salts : 

Carbonate of lime. 

„ magnesia • 

Sulphate of limn . 

l^hoaphate of lime (tribasic) 
„ magnesia. 

Perphosphate of iron • 

Silicic acid 



traces. 

2-105 
20-800 
12*542 

27-168 

some 
1-515 

12-105 

traces. 
1*582 
0105 



100000 

Carbonic aeid being deducted^ the following is the 
100 parts: 

I. 

Sulphuric acid . . • , 19-782 
Phosphoric acid « • , . 7-998 

Potash 2-594 

Soda 25-640 

Chloride of sodium • • . 15 1G5 

Lime 27 567 

Magnesia traces. 

Oxide of iron • , . • 0-835 
Silicic add 0*129 



Young plant. 
II. 

4- 217 
21-848 

5- 061 

6- 748 
23-584 
traces. 

3-615 
traces, 
traces. 
30-710 
traces, 
traces. 

4*217 

100 000 
composition in 

IT. 

23-195 

19-926 

7- 164 
25039 

traces. 

20*199 
traces. 

traces. 
4*477 



100000 100000 
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IV, — ASPARAGUS (Asparagus officinalis). 



The following are the analyses of two full-grown specimens of this 
vegetable. The first of these was taken from a piece of garden 
ground near Bristol, the soil of which was similar to that described 
under No. Ill, and the otlicr was found arrowing wild, on alluviuin, 
on the banks of the Avon, which was daily overtiuwcd by the river. 
They were both gathered whilst in flower. 

a. 285'9 grs. of the fresh cultivated plant p;avc 72*1 grs. of dry 
Tegetable matter, which furnished upon incineration, 4*38 grs. 
of ash. 

b. 714.7 grs. of the same specimen (fresh), gave 180*25 grs. of dry 
matter, and 10-951 grs. of ash. 

Mean per.centa|re of aah l^'^"^ ^ '''j ' J.^'^ ' ^ 

a. 486*2 grs. of the fresh wild plant gave 1 75 0 grs. of diy vegetable 
matter, and left 11'78 grs. of ash, upon incineration. 

6. 1701*7 grs. of the same specimen (fresh), gave 612*5 grs. of diy 
matter, and 41*23 gra. of ash. 

^ £ X r from the freah plant . 2*4220 

Mean per-centage of ash J dned 



CnltiTsted plmt. 



SoLUBUS salts: 
Carbonic acid 
Sulphuric acid • 
Phosphoric acid 
Potash . 

Soda . . • 
Chloride of sodium. 

„ „ potassium 
Insoluble salts: 
Carbonate of lime . 



I. II. MEAN. 

14*636 13*902 14*269 

3*509 3605 3*557 

2-181 2019 2100 

32*695 32*783 32*739 

traces, traces, traces. 

13*103 13*015 13059 

14-511 14*711 14*611 



„ magnesia 
Sulphate of lime . 
Phosphate of lime (tribaric) 

„ ,, magnesia . 
Ferphosphate of iron • 
Silieicacid » 



traces. 
16197 
traces. 
0*412 
2-803 



traces. 
16*223 
traces. 
0*500 
3:133 



traces. 
16*210 
traces. 
0*456 
2*968 



6*7804 

Uncultivated 
plant. 

T. 

7*775 
traces. 
15-815 

2-719 
20514 



21*432 
2*617 
tracea. 
21*670 

traces. 
1-699 
0*849 



100*047 99*891 99*969 99*951 
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Deducting the carbonic acid^ the following is the composition iu 
100 parts : 

Cultivated 
pUtnt* 

Salphurio acid • • • • 4*487 
FhoAphorie add « 



Potash, 
Soda « • • 
Chloride of sodium 

„ potasiium 
Iiime • * • 
Magnesia . 
Oxide of iron • 
Silicic acid • 



12*367 
41*299 



16-478 
21*832 

0-308 
8*744 



Uncultivated 
plant. 

9*224 

12*812 

18*766 

8*226 

24-337 

28 081 

1-479 
1-069 
1007 



100-000 100*000 

I lia\c likewise analysed the ashes of tlie young heads of asparagus; 
sucli as were in a fit state for the table. 
The icsults of my aualysis are as follows r 

a. 1839*0 grs. of the fresh shoots gave 133-0 grs. of dry vegetable 
matter, which left, after incineration, 14*95 grs. of ash. 

6. 4597*5 grs. of the same specimen (fresh), gave 332*0 grs. of dry 
matter, and 37*37 grs. of ash. 

Metn per.cent.ge rf Mh ^ P^* 

Soluble salts: 
Carbonic acid . 

Salpliuric acid 
Phosphoric acid « 
Potnsh • • 

Soda 

Chloride of sodium. 
„ potassium 
Insoluble salts : 



^, dried 

I. 
8*925 

} 81*199 
]-d2*605 
} 10*090 



II. 

4*101 
30*967 

82*665 

10*080 



0-8129 
11-2400 

MEAN. 

4*013 
81088 

82*635 

10*060 



Carbonate of lime . 


6*882 


7080 


6-956 


„ magnesia 








Sulphate of lime 


traces. 


traces. 


traces. 


Phosphate of lime (tribasic) 


14 040 


14052 


14046 


„ ,f magnesia . 


traces. 


traces. 


traces. 


Ferphosphate of iron • 


0-209 


0-203 


0*206 


Silicic acid 


1100 


0-902 


1-001 




100000 


100 000 


100000 
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Snlpliuric and pliosphorie acids • • * 40*530 

Potash and soda 85*118 

Chlorides of sodium and potassium . . • 10*825 

lime 12*331 

Magnesia traces. 

Oxide of iron 0119 

Silicic acid 1077 



100000 

V. — CAULIFLOWER {Brosstca oleracea var. e botrytis), 

Tke specimens examined of this plants were hrougbt from Com*, 
wall^ where they are cultivated in the greatest perfection. 

Soil. — Somewhat loamy^ very rich, and well manured. 

0. 1800-0 grs. of the fresh pknt (entire) i gave 169*0 gn. of dry 
vegetahle matter^ and fumishedi when incineratedj 14*0 grs. of ash. 

9500 grs. of the same specimen ^uve 79G'0 grs, of dry matter^ 
and 70*25 grs. of ash. 

Mean per-centege of ash { P^* 



Soluble salts : 
Carbonic acid. 
Sulphuric acid 
Phosphoric acid 
Potash . 
Soda 

Chloride of sodium 

„ jy potassium • 

iNSOLriU K SALTS : 

Carbonate of lime . 

„ „ magnesia . 
Sulphate of lime 
Phosphate of lime (tribasic) 

„ y, magnesia . 
Perphosphate of iron , 
Phosphate of alumina 

i, yy manganese . 
Silicic acid 



dried 

T. 

3-9U 
12101 

6-749 
20-932 

6-009 

} 7-269 



14161 
traces, 
traces. 
26-099 
traces. 
1*112 

traces* 

1*400 



0*7685 
B'8161 



II. 

3-914 
13-379 

6-731 
21-296 

5-961 

7051 



13-597 
traces, 
traces. 
25*853 
traces. 
1013 

traces. 

1-446 



MEAN. 

3-914 
12-710 

6-740 
21114 

5-985 

7130 



13-879 
traces, 
traces. 
25-976 
traces. 
1065 

traces. 

1*423 



99-746 100-246 99996 

The carbonic acid being deducted^ the following is the composition 
of the ash in 100 parts : 
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Sulpliuric acid . • . • 14*158 

Pliospboric acid .... 22135 

rotash 23-463 

Soda 6-651 

Chloride of sodium . . . . i w,Qgg 

„ potassium . . . / 

Lime 23-333 

Magnesia traces. 

Oxide of iron 0*723 

Alumina \. 

Oxide of manganese, • . . J 

Silicic add 1*581 



100000 

VI. — KIDNEY BEAN {Pkoseolus multiflorus) . 

This vegetable, together with all those subsequently examined, 
grew on rich, well-manured and drained sandy soils, in the neigh- 
bourhood of Bristol^ lying on the millstone grit, and new red sand- 
stone, which contained considerable quantities of carbonate of lime, 
and red oxide of iron, vith a very notable proportion of carbonate of 
magnesia. 

a. 1284*0 grs. of the fresh young legumes gave 76*0 grs. of dry 
vegetable matter, and left 8*11 grs. of a^, upon incineration. 

b, 1000*0 grs. of the same, gave 58*9 grs. of dry matter, and left 
6*305 grs. of ash. 

■.^r *, e \ from the fredi legumes. 0*6310 

Mean per-centage of ash | ^ ^ ^^^^ 



The ash contained : 

Soluble salts : 

Carbonic acid 14*081 

Sulphuric add . . . • 3*378 
Phosphoric acid . . . . 1*553 

Potash 86*103 

Soda — 

Chloride of sodium • • • • 4-932 
Insoluble salts : 

Carbonate of lime . . • • 22*194 

„ „ magnesia . . . 3*822 

Sulphate of lime. .... traces. 

Phosphate of lime (tribasic) . . 11-866 

„ magnesia . . . traces. 

Perphospliate of iron . . . traces. 

Silicic add 2*071 



100-000 
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Or calculated after dedaeting carbonic actd. 
Sulphuric acid 
Phosphoric acid 
Potash . 

Soda . , 
Chloride of sodium 
lime 

Magnesia 
Oxide of iixm , 
Silicic acid 



4-553 
9-451 
48-667 

25-337 
2*653 

traces. 
2791 



100-000 

VII.— oNloN {Mium gatwum). 
1597 0 -I S. of the fresh root, when dried and incmerated, left 8-71 
gra. of ash = 0-5453 per cent. 
The ash contained : 
Soluble salts : 
Carbonic acid . 
Sulphuric acid 



Phosphoric add 

Potash . 
Soda 

Chbride of sodium 

Insoluble salts : 

Carbonate of lime • 
„ ,i magnesia • 

Sulphate of 1 line 
Phosphate of lime (tribasic) 

„ „ iiiagiiesia , 
Perphospliate of iron 
Silicic acid 



Or calculated after deducting carbonic acid. 

Sulphuric acid 
Phosphoric acid 
Potash , 
Soda 

Chloride of sodium 
Lime 
Magnesia 
Oride of iron . 
Silicic acid 



12169 

4- 821 
2-181 

35132 
some. 
2-755 

5- 740 

6- 886 

none. 
30089 
traces, 
traces. 

0-224 

99-997 

5-000 
19-668 
4.3-001 
some. 

3*372 
23-765 

4014 
traces. 

0-280 



100000 
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VIII. COMMON WHITE GARDEN-TUENIP {Bi'assica iOpa). 



a. 1830*0 gT8. of the fresh roots^ cat in thm Blioes^ gave 160*0 
grs. of dry vegetable matter^ and left upon incineration 11*863 gra. 
of ash. • 

b* 1542^*6 grs. of the same^ gave 134*87 grs. of dry matter^ and 
9*998 grs. of ash. 

0-6481 
7-4136 

The ash contained : 



-fcj-^- i. ^ e -L f irom the fresh roots 
Mean per-pentage of ash | ^^^^ 



Soluble salts ; 

Carbonic acid . « 
Sulphuric acid 
Phosphoric acid 
Potash . 

Cliloride of sodium . 
Insoluble salts : 

Carbonate of lime . 



„ magnesia 



Sulphate of lime 
Phosphate of lime (tribasic) 

„ „ magnesia . 
Perphosphate of iron 
BiUcic acid 



Or calculated afi;er deducting carbonic acid. 

Sulphuric acid 
Phosphoric acid 
Fotadi . 
Soda 

Chloride of sodium 
Lime 
Magnesia 
Oxide of iron . 
Silicic acid 



U'G92 
2111 
4-ni8 

39-146 

11-936 

3- 287 

4- 046 
traces. 
19-223 
traces, 
traces. 

1011 

100-000 



2*619 
16620 
47*888 

14*601 
14*679 

2-357 
traces. 

1*236 



100000 
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IX. — SWEDE TURNIP, OR iti TA-JBAGA (Brandca campcsivis, var. 

napo'brassica), 

a. 21ir>-0 grs. of the fresh younii: roots pave 3j5'() grs. of dry 
vegetable matter, and left ^^G O.") grs. of ash upon iucincration, 

b. 6348 0 grs. of the same gave 1065*0 grs. of dry matter, aud 
78*15 grs. of ash. 



99 



The asli was composed of: 
Soluble salts : 
Carbonic acid . 
Snlpkuric acid 
Phosphoric acid 
Potash . 
Soda 

Chloride of sodium 
n „ potassium 
Insoluble salts: 

Carbonate of lime . 

„ magnesia • 
Sulphate of lime 
Phosphate of lime (tribasic) 
magnesia . 
alumina 
manganese . 
Perphosphate of iron 
Silicic acid 



I. 

17-310 
319G 
G-897 
51070 
traces. 

{ 5*890 



2-289 
2*589 
traces. 
7-913 
2*487 



} 



traces. 

0-100 
0087 



II. 
16-893 
3-534 
7-891 
49*786 
traces. 

5-994 



2-322 
2*452 
traces. 
7-955 
2191 

t rsccs. 

0-366 
0*062 



1-2311 
7-2817 



MEAN. 
17121 

3-3G5 
7-394 
50*428 
traces. 

5-942 



2-30r> 
2*520 
traces. 
7-949 
2*339 

traces. 

0-383 
0*074 



100*197, 99*446 99820 

Yielding the following quantities in 100 parts, after deducting the 
carbonic acid : 



Sulphuric add .... 


4*242 


Phosphoric acid . . . . 


15*890 


Potash 


62*631 


Soda 


traces. 


Chlorides of sodium and potassium » 


7*439 




6*922 


Magnesia 


2*531 


Alumina and oxide of mangsnese . 


traces. 


Oxide of iron 


0*251 


Silicic acid 


0*094 




100*000 
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X. — ^Beet {Beta vulffomf), 

a. — 1950*0 grs. of the sliced roots of the variety called the " Lonsj 
Red/^ when dried aud incinerated, gave 19*22 grs. of ash = 0 y85G 
per cent. 

Composition of the ash : 

Soluble salts : 



Carbonic acid • . . • 


17-876 


Sulphuric acid • . . . 


6*082 


Phosphoric add . . • • 


traces. 


X UlaSll • • • • 1 

Soda J 


39-016 


Chloride of sodium 


5-962 


Insoluble salts : 




Carbonate of lime .... 


15-G09 


Carbonate of magnesia . 


4162 


Sulphate of lime .... 


traces. 


Phosphate of lime (tribasic) 


11.293 


„ magnesia , * T 




„ alumina . • 


traces 


Perphosphate of iron . 




Phosphate of manganese • 


each. 


Silicic acid ^ 






100000 



The composition calcidated on 100 parts^ after deducting the 
carbonic acid, was : 

Sulphuric add 
Phosphoric add 
Potash 

Soda • . « 
Chloride of sodium 
Lime '. • 
Magnesia 
Alumina 
Oxide of iron • 

manganese 
Silicic add 



100000 

XI. — ^Radish {Raphanus saima), 

a. — 875*0 grs. of the fresh root travo 35-318 grs. of dry vegetable 
matter, and left 7*25 grs. of ash upon incineration. 



. MOl 

• } 53-463 

. 8158 
. 20-244 
2712 

traces 
of each. 
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i.— 6000 0 rrrs. of the same specimen gave 242*08 gre. of dry 
matter^ and 49*8 gra. of ash. 

Mean per-centage of ash | ^"^^ ,5^^ 



Compoflition of the ash : 

Soluble salts : 

Carbonic acid . . , . 19- 198 

Sulphuric acid . . . . 3-G24! 

Phosphoric acid . . , , none. 

Potai,h 18-919 

Soda 18-G99 

Chlorides of potassium and sodium . 10 880 

Insoluble salts : 

Carbonate of lime .... C*994« 

„ „ magnesia • . , 1*8 11 

Sul])hate of liinc .... O'lS-l 

Phosphate of lime (tribasic) . , 17-634 

„ „ magnesia . . , 1-396 

Perphosphate of iron . . . 0134 

Silicic acid 0-268 



100 000 

Calculated composition after deducting tlie carbonic acid : 

Sulphuric acid .... 1-810 
Phosphoric acid . . . .11-916 

Potash . . . , . 24739 

Soda 24-451 

Chlorides of potassium and sodium . 14 235 

Lime 17-608 

Magnesia 1-728 

Oxide of iron . . . , 0-077 

Silicic acid ..... 0*352 



100 000 

Xn. — Carrot (Dauctu earoia), 

a. — 1010 0 grs. of the fresh roots of the variety called the " Long 
Scarlet/' gave 133 0 grs. of dry vegetable matter^ and^ upon incine- 
ration, 13-485 gra. of ash. 

6.— 12025 0 grs. gave 1662*0 grs. of dry matter, and 168*462 grs. 
of ash. 

VOL. n. — NO. V. c 
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J. * V ffcom the fresh root 1*3340. 
]fesiipaM«it8ge<>f«b{ ^ 10.1370 

Composition of the ash : 



IE Li: isALTS : 


I. 


n. 


UBAN. 


Carbonic acid 


16-261 


16-263 


16-2«SI 


Sulphuric acid 


6-132 


G'G34 


6-533 


Phosphoric acid . 


4-309 


4099 


4*204 


Potash 


13001 


14-005 


13-503 


tJ\J\Xa> • • • • 


23*909 


23-437 


23-673 


Chloride of sodium. . 


7-321 


7-301 


7-oii 


LUBLE SALTS : 








Carbonate ot lime . • 


7*420 


7'480 


7 425 


„ „ maguesia • 


2*241 


2-227 


2-234 


Sulphate of lime 


traces. 


traces. 


traces. 


Phosphate of lime (tri- 








hasic) 


16*509 


16*713 


16-611 


Phosphate of magnesia 
Perphosphate of iron . . 


1 traoefl. 


traces. 


traces. 






Silicic acid . . . 


2*205 


2195 


2*200 




99-608 


100-304 


99*956 



The following is the composition in 100 parts, after deducting the 
carbomc acid : 

Sulphuric add .... 8-239 
Phosphoric acid 



Potash • 
Soda 

Chloride of sodium 
Lime 
Magnesia 
Oxide of iron 
Silicic acid 



14-970 
17029 
29-855 
9-220 
16-523 

1- 341 
traces. 

2- 823 



100-000 

Xin. — Pabsnzp {Poitinaea sativa), 

a. — 1000 0 grs. of the fresh root gave 238 0 srrs. of dry vegetable 
matter^ and left, upon incineration, 14-12 o:rs. oi' ash. 

b. — 4965-2 grs. gave 1181*0 grs. of dry matter, and 70* 10 gr«. of 
ash. 

Mean p^^Uge of «h ™ 
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Tht mA ooDtamed : 

SOLTTBLE SALTS : 

Carbonic acid 
Sulphuric acid . 
Phosphoric acid 
Potash , 
Soda 

Chloride of sodium 

Insoluble salts : 

Carbonate of lime • 

,f J, magnesia . 
Sulphate of lime 
Phosphate of lime (tribasic) 



:} 



magnesia 



Perphosphate of iron 
Silicie acid 



I. 


11. 


MEAN. 


14-062 


14-264 


14-163 


4 8/3 


4*715 


4*794 


5-706 


5-352 


5529 




43*4oi 


4o-406 


3-806 


8-756 


3-781 


7-760 


7-820 


7-790 


trnceg. 


traces. 


traces. 


17*509 


17-691 


17*600 


traces. 


traces. 


trncesi. 


2-915 


2-899 


2*907 


tracea. 


traces. 


traces. 


99-982 


99 958 


99-970 



Deducting die carbonic acid* the following composition in 100 
parts is obtidned : 



Sulphuric acid 
Phosphoric acid 
Potash 
Soda 

Chloride of sodiuiu 
Lime • 
Magnesia 
Oxide of iron 
Silicic acid • 



5'751 

. 18 270 

• } 52-670 

. 4*588 

. 16-811 

. 1-910 

. traces. 



100- 



XIV. Potato (Solanum tuberosum). 

I have anafysed the ashes of the tubers of five different Tarieties of 
this plants vis. : A. the mite Apple/' B. the " Prince's Beauty/' 
C. the Axbridge Kidney/' B. the Maggie" or Maghie/' and 
B. the *^ Porty-fold«" All of these were grown on the same soil^ 
and under precisely similar circumstances. 

A. a. — ^913-0 grs. of the frerii tubers of this wiety, cut in thin 
slices, gave 247*0 grs. of dry vegetable matter^ and left, upon inei- 
neratiouj 11*895 grs. of ash. 

b. — ^7675 0 gis. gave 2074*7 grs. of dry matter, and 99*997 grs. 
of ash, c 2 
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B. a.— 693-0 g». of tlie fresh tubers gave 202*5 gra. of dry vege- 
table matter^ and 7-320 grs. of aab. 

_1154*0 grs. gave 337*3 grs. of dry matter^ and 12*298 grs. 

of ash. 

C. a.— 624-4 grs. of fresh tubers gave 182*3 grs. of dry vegetable 
matter^ and 7*952 grs. of ash. 

ft.— 1668 0 grs. gave 486-03 grs. of dry matter^ and 21*168 
grs. of ash. 

D. u.— 748 0 grs. of fresh tubers gave 286*3 grs. of dry vegetable 
matter^ and 8*187 grs. of ash. 

ft.-^360 0 grs. gave 1062*93 grs. of dry matter, and 36*832 
grs. of ash. 

E. a, — 596-0 grs. of fresh tubers gave 132*0 grs. of dry vegetable 
matter, and 5*25 grs. of ash. 

h. — 1430*4grs. gave 31 70 grs. of dry matter, andl2*6grs. of ash. 

The following tables give a comparative view of the mean per-centage 
and composition of the ash from these five varieties of the potatoe : 

Mean per-centage of ash : 





A. 




c. 


D. 


E. 


From tiie fresh tubers . 


1-3029 


1*0609 


1-2709 


1-0953 


0-8808 


„ „ dried „ 


4-8180 


3*6304 


4-3581 


3-4&18 


3-9750 


CoLii position of the ash ; ■ 










Soluble salts: 












Carbonic acid . . 


21*059 


16-666 


21-400 


18162 


13-333 


Sulpliuric acid , , 


2-774 


4-915 


3-244 


5-997 


6-780 


Phosphoric acid . 


5-716 


8-9'?0 


3-774 


6-669 


11-428 


Potash . • 


53-167 


54-lGli 


55-610 


55-731 


53-029 


Soda . . . 


traces. 


traces. 


traces. 


traces. 


traces. 


Chloride of sodium 


traces. 


traces. 


traces. 


traces. 


2.095 


Insoluble salts ; 












Caxbouate of lime 


0-84^^ 


20 19 


3018 


1*954 


2-286 


,j magnesia. 


3-530 


0273 


1-257 


2-565 


0-570 


Sulphate of lime . 


traces. 


traces. 


0125 


traces. 


traces. 


Phosphate of lime (tri- 












basic) . . 


3-363 


0-683 


3-835 


5-374 


2-856 


Phosphate of magnesia* 


9-247 


12-298 


7"550 


3-545 


7-023 


Perphosphate of iron . 


traces. 


traces. 


0062 


traces. 


traces. 


Phosphate of alumina . 


traces. 








traces. 


>j „ manganese 










traces. 


Silicic acid. 


traces. 


traces. 


0.125 


traces. 


traces. 


iOOUOO 


100-000 100 000 


100-000 


100000 
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A. 


B. 


c. 


0. 




Sulphuric acid 


• 


• 


a*6i5 


6*007 


4*329 


7*530 


7-942 


Phosphoric acid 


« 


• 


17-222 


20*831 


14-892 


14-363 


20-677 


Potash • 


• 


• 


69*688 


65-823 


70*690 


69*985 


62118 


Soda • 


• 


• 


ti!aces. 


traces. 


traces. 


traces. 


traces. 


Chloride of fM>diam 


• 


traces. 


traces. 


traces. 


traces. 


2*464 


Lime 






2-976 


1*843 


4*969 




3*301 
3*508 


• 


• 




Magnesia • 


• 


• 


6*499 


5*496 


5*014 


3*113 


Oxide of iron 


« 


• 


traces. 


traces. 


0*043 


traces* 


traces. 


Alomina . 


• 


• 


traces. 








trsces. 


Oxide of maDganese 


• 










traces. 


Silkic acid . 


• 


• 


traces. 


traces* 


0*163 


traces. 


traces. 



100-000 lOOOOO 100*000 100*000 100-^ 



If we consider attentively the results contained in the preceding 
pages^ we shall arrive at the following general conclusions : 

1. That the inorganic constituents differ both in proportion and 
composition in each of the crops examined. 

2. That cultivation can, to a very considerable extent^ modify and 
control the assKmilative powers of plants for certain inorganic sab- * 
stances. 

This is most decisively proved in the case of the potato plant 
(No. XIV), in which neitlier the proportion nor chemiod composi- 
tion of the ashes from any two varieties are alike. True it is, that 

there is, in many respects^ a great resemblance to be detected in all 
of them, but the differences are still much too great to be over- 
looked. 

It would be extremely interesting to ascertain, by direct experi- 
ment, whether the various vani ties of plants wliich occur naturally, 
(and which, therefore, cannot be the result of cultivation), likewise 
contain different inorganic constituents, as if such were proved to be 
the case, it would, in my idea, go far to explain to us the cause of 
the formation of varieties in the vegetable kingdom, which is, at 
present^ except in a few instances, an almost inscrutable mystery. 

This influence of cultivation on plants is of great practical impor- 
tance in agriculture, for as the evident object of the farmer's 
endeavours, is to obtain the greatest amount of produce from his 
land at the least possible expenditure of time and money, &o docs it 
become necessary for him, in order to effect this, to ascertain the 
variety of the plant which is best suited to his soil ; for, by substi- 
tuting one variety for another, he may often obtam as iai ge a crop. 
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at as early a season, and, at the same time, be enabled to eifect a 
great economy in the ap])lication of his manures. Hence also he 
miT?*t not take it foi- tri aTitc d, because one variety of a plant does not 
happen to succeed, thai, therefore, his land is not adapted for the 
cultivation of that particular vegetable ; for where one variety will 
utterly fail, another will often yield an adnnrablc crop. 

Another remarkably good instance of the change produced by 
cultivation in the inorganic constituents of plants is exhibited in the 
two asparagus plants (No. IV), where it will be observed, that the 
Boda and lime^salts of the wild specimen (II) have been to a very 
considerable extent replaced by potash-salts in the cultivated plant (I). 
These reaulti would not, however, appear to be in accordance wi(^ 
the law, or rather lnypotheus, lecently advanced by Professor Liebig; 
namely, tbat the sum of the oxygen in the bases in combination with 
the organic acids (which occur as carbonates in the ash) is constant 
in the same species of plant, no matter what the nature of the soil 
may be upon which the individual specimens are grown ; for it w^ be 
aeen, that whilst the ashes of the cultivated plant contained 

14 269 grs. of CO*^ in the soluble salts = 5-1887 grs. of 0 in base. 
X4-61Xgr8.of CO^ + CaO = 2-3370 „ „ 

Sum of oxygen 7-5257 
those of the wild specimen, on the contrary, contained only 

4-861 grs. of CO^ in the soluble salts = 1-7G70 grs. of 0 in base. 
31-432 grs. of CO^ + CaO = 3*4290 „ „ 

2-617gr8. of COHMgO =0 i940 „ „ 

5-6940 

or nearly two per cent less in the total proportioital <tf ozygen^tt 
difference evidently much greater than can be aMribvted to the eiroii 
ol analysis only. 

I intend, however, if my time will allow me, to vudDe a aittdi 
more extensive aeries of experiments on this subject in the course cf 
another year, when X hope to commumcste the results to the 

Society. 

8. That the principal, and by far the most important, constituents 
of root crops, are the alkalies, potash and soda, which ocLur for the 
greater part free, the remainder being in combination with sulphuric 
and phosphoric acids. They generally iorm from to 71 per cent 
of the ash. ♦ 

It must not be imagined, however, that all the alkali, which was 
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estimated in the «ah as carbonated, existed in the living plant in 
combination with organic acids, part of it was evidently produced by 
the decomposition of the nitrates by the carbon of the vegetable 
matter. In such large quantities, in fact^ did the nitrates occar in 
the case of the radish (No. XI), that actual scintillations were 
observed to take place upon incinerating the dried plant. By a 
pronmate andysia, I found the dried roots to contain from 18 to 14 
per cent of the mixed nitrates of potash and soda* 

4. That in the potato (No. XIV)^ the lime^ except in one instance, 
is greatly exceeded in quantity by the magneaia ; sometimes even in 
the prcq^ortion of three to one. 

K we examine, we shall see that this observation is likewise 
borne out tiy the experiments of other ehemists. Thus, Boossingault 
found the relation of the former to the latter earth to be as 1*8 to 
5-4 ; and Baubcny, in three analyses, found respectively 2*71| 8*679 
snd 2*64 per cent of lime, and 10*98, 7*00, and 6'81 per cent of 
magn^ia. 

In fact, magnesia would appear to be necessary for the growth 
and well-being of the potato-plant, as it has been observed, that 

when it is not present in the soil in sufficient quantity, the tubers 
rarely if cmt attain their full development. 

5. That tlic aUi.alinc chlorides are present iu greater or smaller 
quantity in all the crops exuiuiiicd. 

AUhough these sometimes occur to such an extent as to 
form more than half the entire weight of the ash, I think it is a 
great question whether they perform any important part in 
the organism of the plant. Indeed, judging from the manner 
in which they are obser^cd to fluctuate in quantity in different 
specimens of the same plant, I am inelined to believe, that in 
the majority of cases, (if we except those plants of marine oriixin, 
such as the sea-kale, asparaijus, &c., to which they are essi utial), 
thev ouffht to be classed amongst those substance?*, which, from their 
extreme solubility, are absorbed by the roots of plants, and are thus 
carried into the system, without being actually necessar\' either for 
their health or existence. In proof of this opinion, Daubeny found 
in three analyses of the ashes of turnip-roots, S'-i per cent of chlo- 
ride of sodium in one, and none in either of the others ; and in the 
three specimens of potato-ashes before mentioned, that gentleman 
found respectively 8*75, 5 88, and 1*87 per cent of mixed chlorides : 
1 found in five analyses 2*454 in one, and only traces in the otlier 
four. In the ashes of the roots of the carrot and parsnip, Sprengel 
found 1-76 and 7*15 per cent of chloride of sodium; I found 9*22 
and 4*588 per cent. 
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6. That in all young succulent shoots, as iu root crops, the alka- 
lies and alkaline salts greatly exceed in quantity the insoluble earthy 4 ' 
and metallic salts. 

I have already attempted to explain the reason of this in a former 
paper. 

The sulphuric and phosphoric acids are also present in rather con- 
siderable proportion, especially in the sca-kale and asparagus (Nos. 
Ill and IV), where they amount to from 40 to 43 per cent of the 
ash. The great relative increase of these acids and potash observed 
in the young, as cnni pared with the old, plant of sea-kale^ was no 
doubt occasioned by the salts of the animal manure with which the 
former had been supplied. 

In order to render these analyses of practical utility to the fanner 
and horticuituhst, I have annexed a table showing the relative quan* 
tities of manure requisite for a ton weight of each of the Tegetables 
examined in the fresh state ; ftom which it will, of course, be easy 
for him to calculate, by means of a simple rnle-of-three sum, the 
weight necessary to he applied to his land per acre for any particular 
crop. 

I need hardly say that these calculations do not pretend to any 
extraordinary accuracy; they must only be considered as approxima* 
tions to the truth« 
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Dec. 4, 1848. 
The Fteddent m the Chair. 

Mr. Brodie presented a copy of bis paper, " Investigatiotu of the 
ohemicBl properties of Wax/' to the Uhnrj; Mr. W. Sykea W$tA 
presented his Balanee GalTanometer to the Mnsemn. Meters. £. Pon* 
tiftz and Balph Busby were elected members of the Society. 

The foUowing papers were read : 

On a Balance Galvanomfter. By William Sykes Ward, Esa. — 
No recognised method being known by which the working efFects of 
various voltaic arrangements can he referred to a common standard, it 
occurred to the author of this paper, that this might he more easily 
effiM^ hy means of a new form of galvanometer than by any other. 

The new galvanometer proposed* consists of a coil of covered copper 
irire, in the form of a long paraUelognim» the ends of the wire being 
eitended so as to form pivots on which the coil swhigs* and which 
pivots also form the connections for the current to pass through flie 
coil and its supports. To the coil are appended two duat arms, formhig 
a kind of balance-beam to which small scale-pans are attached. The two 
poles of a horse-shoe magnet of moderate power are inserted within the 
Ooil» so as to allow it a moderate rmi^e of vibration, and the force of 
the current is measured by the weight in grains supported in the 
flcale-pans. 

The galvanoiuctrr is recommended on account of tlic facility witli 
which coils, containing various len2:tlis of ■wire and of dilTeicnt tliieknesa 
or resistance can be adapted and readily elianged, as most suited for any 
experiment, and it is frequently found advisable to use a coil having about 
the same resistance as tiie other resistances of the circuit ; although 
for general purposes it is most advisable to have two coils, one consisting 
of 10 feet of copper wire of No. 20 Birmingham wire guage, of which 
1 foot weighs 27*4 grains, for estimating quantity, and another of 100 
feet of about No. 35* or -rivth of an incfa« of whidi one foot wdghs 
97 grains, for estimating intensity or electro motive force; the former 
wire may be covered widk cotton i the Utter should be well, but h^tty 
covered with silk. The magnet ^onid be so stnmg, that the indications 
may be manifested by considerable weights s but it should not be too 
highly or nearly saturated, or charged with magnetism, as its power would 
then be very liable to be impaired by use or by time. 

Several coils or bundles of wire similar to that of the moveable coils, 
and of precisely the like resistance, should also be provided. 

The coila are made most a Irantfloreously hy winding the wire upon a 
parallelogT^m of wood, about three inches long, and lialf an inch thick, and 
of aliont twice the width of the coil, slightly tapering towards one side, to 
facilitate the removal of the coil. A layer of the insulated wire is wound 
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upon the panllelogriin, tad slightly cemented with shelMsfl ; aoothfer layer 

of wire is then wound upon the first* which is again cemented, and ao on, 
naiCil sufficient wira has been added. The coil being carefully remofad 
froin the blork on which it has been formed, two bent needlea ara 
attached to the sides, to form pivot?, having the points of the needlea 
a little above the centre of gravity (){ the coil, which needles are 
adjusted hy bending, so that the coil may hang horizontallv. The 
needles or pivots for the coils of tliin wire answer best wlun niaile of 
platiiiimi. Around the piTots a portion of the uncovered end of the wire 
is wrapped, so as to dip into mercury, placed in small conical holes, m 
which the ends of the needles are supported. 

If magnets could, with certainty, be obtained of precisely the same 
power, a standard pattern might be agreed upon for the coils, and uniform 
iDstnmieiiCa proenred. Tha Talaa of the In^aatiims caii» howerer, readilj 
he modified in weight, by altering the length of tha arms to whieli tha 
acale-pana are attached; and it ii propoaed that the galvanometer ha 
adjnated toa common standard, hy making m giain weight, supported by 
the 10<feet coil, the equivalent to 1 grain of zinc^ oonaumed in a smg^ 
voltaic combination in one hour. 

The ^Tanometer may, therefore, be adjusted by employing a pair of 
elements, the zinc of which has been weighed ; the circuit is then com- 
pleted with a gahanometer, and allowing the action to continue for one 
hour, or any convenient part of an hour, from time to time the weights 
counterpoised by the current are observed and noted down, an average 
being Dbtainofl by interpolation ; the zinc being taken out and weighed, the 
ratio between the number of grains dissolved and the weight iu the scale- 
pan will be ascertained. If this be a convenient number for reduction, 
the galvanometer will be retained in its then state, and the observations 
reduced, or the arms of the l ilance, which I have found may be fixed 
sufficiently by shell-lac, are aUered in length uutii the indications cor- 
respond — grain balanced for grain dissolved. 

This may be perhapa mom eaaify nnderatood by a practical example. 
A small arrangement of the nitric acid batteiy waa i»ed, in which a sheet 
of plattnnm aonronnded the porons oe1]« and a narrow strip of sine waa 
placed fritlilii tha ocll. In the first iasteace the sine weighed 1 14 graina» 

h m 

At 8 27 the galvanometer balanced 57 grains 

,, 8 35 54 „ 

8 40 „ 58 „ 

„ 8 50 ,, 57 „ 

»» 8 57 M 57 

5) 283 » 

56-6 
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The zinc then weighed 83 grains, 31 having been dissolved: thus the 
instriinient, instead of having balanced 62 grains on the average, had only 
balanced 5G (), and therefore required adjusting, either by altering the 
position of the magnet, or altering the length of the arms of the balance, 
which, lor this purpose, consisted of two thin slips of brass, each cemented 
with shell-lac on a thin piece of wood> the piece of wood being cemented 
to the coil: thus the small brass arm being wanned in the flame of a 
lamp, the length of the arm, from the pivot, is easily altered without 
affeeting the wrapping of the coil. 

It was also proved by experiment that, within very considerable limits, 
the weight balanced by the galvanometer may be rdied on as inctieating 
the qnantity of current passing. 

The relative indications of the galvanometer and the voltameter were 
likewise compared, and the author arrived at the conclusion, that this form 
of galvanometer will give much more accurate indications than can he 
obtained from a voltameter, in addition to the advantage it presents of 
affording results more immediately, and interj^osing less additional resist- 
ance in the circuit. 



Jl.—On the action of Baryta on Salicylic Ether, By G.Baly, Esq, 

One of the most interesting facts with which we have become 
acquainted by the investigatioiis of J\I. Cahours,* is the remm kable 
decomposition which the oil of GauUheria prommbens (salicylate of 
oxide of methyl) undergoes >vhen subjected to the action of alkaline 
earths at a liigb temperature. On performing this experiment^ 
M. Cahours obtained a iluid possessing all the properties of anisolj 
a substance which he had previously discovered in acting with baryta 
upon anisic acid. 

€huilthena oil and anisic acid are isomeric^ the composition of both 
these substances is expressed by the formula 

^16 O^j, 

but nobody can mistake the difference in their molecular arrange-' 
ment, and it was certainly a startling result to see two such dissimilar 
compounds exhibiting the same behaviour when under the influence 
of powerful agents. 

The identity in the products of decomposition of these isomeric 
bodies is by no means an isolated fact j several cases of a similar 
nature have since been observed. Anthranilic acid and nitrotoluol^ are 
likewise isomeric, and no two bodies could present a more striking 
dissimilarity in constitution; nevertheless both these compounds, 

* Amu de diimie et Phys. Seme S^. t. x. p. 327. 
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when subjected to tbe action of lieat^ undergo^ as pointed out by 
Dn, Hofmaun and Miupratt,^ exactly tbe same decomposition, they 
are split into aniline and carbonic acid. 

In bis memoir on ganltberia oil, M. Caboors mentions tbat 
salicykte of oxide of ethyl, when acted on by baryta, undergoes s 
similar decomposition to the methyl compound; an oily liquid, inso* 
Ittble in alkalies, is produced, carbonate of baryta remaining in the 
retort. It appeared extremely probable that the compound thus 
obtained was an analogue of phenol and anisoli containing two more 
equivalents of carbon and hydrogen than the latter substance. 
M. CahouTs not having prosecuted thitf'investigation. Dr. Hofmann 
invited me to prepare the compound, in order to establish its compo- 
sition by an analysis, and study its properties. 

The salicylic acid used for tbe following experiments, was pre- 
pared from gaultheria oil, which readily yields this acid in a state 
of perfect purity. Salicylic acid is etherified with great facility. 
By distilling a mixture of salicylic acid, alcohol and sulphuric acid, I 
obtained the ether with all the properties M. Cahours mentions. 
The boiling point of the pure liquid was constant at 229^*5 
C = (444^ F.), a few degrees higher than the temperature specified 
byM. Cahours, who found it to be 225*' (437*^ F.). The specific 
gravity of the ether is 1*097. 

On mixing pure salicylic ether with anhydrous b.a \ta, a very 
considerable evolution of litaL takes place, sufficient to effect complete 
decomposition, vuiless the experiment be made with sni.iU quautitiea 
at a time. lu order to avoid loss, it is necessary to add the ether drop 
by drop to the baryta, until an increase of temj)craturc is no longer 
observed on further addition. In this manner a dry solid compound of 
the ether with baryta is obtained, corresponding evidently to the gaul- 
therate of baryta, ul>t:uiicd by acting in the same manner on the methyl 
compound. On distilling this compound in a small glass retort, a 
brownish yellow liquid passes over, possessing a strouir odour of 
phenol. The distillate tlius obtained is a mixture oi two liquids, of 
which the one is soluble m potash, and presents all the properties of 
phenol, whilst the other is a liciuid of an agreeable odour, for which I 
propose the name of saiithol, in order to indicate that it is formed 
from salicylic ether. 

Saiithol is easily punficd ; lor this purpose the crude product of 
the distillation is treated with a dilute solution of potash, which 
removes at once the odour of phenol, that su'^stauce being dissolved, 
leaving a yellow layer of oil on the top of the liquid. The oil is 

* Memoirs of the Chenueal Sodeky of Londoo* v. ii. p> 249. 
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waited iritJi ynba, aqmrated by means of & pipette^ dried over fused 
diloride of calctnm^ and finally reetified. 

Safitbolj when pure, is a colourless liquid of a very agreeable aro* 
matie odour. Its bofling point is 175^ C. (847^ F.) An analysis^ 
by combustion with oxide of copper, gave the followii^ results. 

L 0*1915 grm. of substance gave 
0*55 15 „ cai'bonic acid, and 
1*1450 Mater. 
II. 0'1938 of substaDce gave 
0'5575 „ carbonic acid« and ' 
0';490 „ water. 

Per-eentage compositioii : 

I. u. 

Gaibon • . . 78*54 78*46 

Hydiogan . . * 8*41 8*54 

These numbers doaely eorrespond with the Ibnuola 

Oj, 

as may be seen frcnn following table t 

Theory. Mean of experimenU. 

16 eq. of carbon ... 96 = 78*68 78*49 
10 „ of hydrogen . . 10 sss 8*19 8*47 
2 „ of oxygen , . 16 « 1818 18*08 

I „ of SaUihol . . in 100*00 99*99 

The form at ion of sal it hoi is peifcctly analogous to the production 
of phenol froni salicylic acid, and of amsol from anisic acid, or salicy- 
late of oxide of ethyl. This will be evident the following 
formulae : 

C|4 He C« + 2 BaO s 2BaOCO, + €„ H« B. 

^^^^^^^^^^^^^^^^^^ 

Salicylic acid. Phenol. 

Ci6 + 2BaOs2BaOCOg + 0^ Hg 

Anisic acid. Anisol. 

^is , + 2 BaO «: 2BaOCOa + IT,, 0, 

Salicylic ether. Salithol. 

The simultaneous production of phenol arises from part of the 
salicylic ether being converted into stdicylate of baryta^ yfhta acted on 
by caustic baryta. 
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It is Teiy probabk that the foogfCia of tcieDce will make vt 
acquainted with an add isomeric with iaticylate of ethyl, md 
belonging to the aeries of acids with ais equivalenta of oxygen^ of 
which salicylic and anisic addi ate as yet the only memban. An 
acid of this composition when distilled with baiyta wonld evidently 
like?nae be converted into satithol. 

I should have liked to oontrd the fonnnla of safiihol by the study 
of some of its products of decomposition^ the difficulty however of 
obtaining it in sufficient quantity, has prevented me from entenng 
more minutely into the investigation. 

Chlorine acts very powerf uUy on salithol ; heat ia evolved during 
the reaction, and hydrochloric acid disengaged^ a viscid mass being 
produced; which after atanding for aeveral weeks, shewed a tendency 
to crystallize. 

Bromine forms, in the same manner, a heavy oily compound with 
salithol, which solidifies after a few days to a hard cryatalline 
mass, soluble in boiling alcohol, from which it crystallises on cooling. 
The appearance of the crystals thus deposited, as well as the results 
of several combustions, indicated that llie action of bromine gave 
rise to the formation of various compounds. It is very likely that a 
series of substitution-products like the following 



C.6 { S» } 0.. 

c.. { bL } 



may be formed in this manner. The small quantity of material at 
my disposal did not admit of their separation, by repeated crystalliza- 
tion. 

SINITB0*BA|«nB0L. 

Fuminy nitric acid dissolves salithol, producing a liqiiid of a beau- 
tiful violet colour, which colour disappears completely on the appli- 
cation of heat. By ebullition, the whole of the salithol is converted 
into a crystalline mass, which is insoluble m water, but dissolves in 
boiling alcohol, from which it is deposited, on cooling, in needle- 
shaped crystals. These crystals likewise consist of various com- 
pounds; if however the ebullition with nitric acid has been contmued 
for some time, a product is obtained which, after being washed ^\ ith 
water, and crystallized two or three times from alcohol, seems to be 
nearly pure dinitro-salithol. 
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By biiming two productSj obtained at diflferent times with oxide of 
copper, in the above maztner, the foliowing results were obtained : 

L 0*200 grm. substance gave 
0*316 „ carbonic acid, and 
0*074 „ water. 
II. 0*282 „ substance gave 
0*452 „ carbonic acid, and 
0*1015 water. 
Fer-centage composition : 

I. II. 

Carbon . , , 4309 43-71 
Hydrogen . . . 4*11 399 
The formula 

{2NO4} ^« 

requires 

Carbon . . . 45*28 
Hydrogen . . , 3*77 

The deficiency in the carbon probably arises from an admixture 
of trinitro-salitbol. Unfortunately, the last portion of my substance 
being consumed, I was prevented from repeating the analysis with a 
purer product. 



llh-^Anafysis of the Water supplied hy the Hampstead Water- 
works Company. By John Mitchsl, Esq. 

The deep well water from Messrs. Combe and Delafield's Brewery, 
has been analysed by Professor Graham, and the water of the Artesian 
Wells at 'Trafalgar Square by Messrs. Abel and Bowney, as well as 
that of the Thames by Mr. Clark, but I am not aware that the waters 
supplied by the London Water Companies have yet been subjected 
to analysis. It was thought that such a series of analyses would be 
an useful addition to those already cited, not only in a scientific, but 
also in a sanatory point of view. The present communication, the 
first of the series, has reference to an examination of the water supplied 
by the Hampstead Water-works Company. The water was not taken 
dir«;t from the works, but analyzed as supplied to the house ; the 
chief object being to ascertain whether the water in question possessed 
any power of taking up lead or zinc, as I had br( u informed on the 
authority oi a plumber in the neighbourhood, that such was the case 
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with reference to the former metal, I have fbond that, as fiir as tbe 
vater analyzed was coBcemed^ no perceptible action was exerted, and 
I am the more induced to believe this correct, from the drcumstanoe 
that several leaden cisterns have been for ^ great nnmbor of years 
continually subjected to its influence, and do not appear affected in 
the slightest degree. This may be in some measure explained by the 
comparativtiy large quantity of soluble sulphates contained in the 
water, as it has been shewn by Br. Christison, that water containing 
even a small amount of sulphates is comparatively without action on 
metallic lead. 

The water is pumped continuously from a plain bore-hole at 
the Works in Pond Street, Hampstead, and is obtained partly from 
the sand and partly from the chalk. 

The specific gravity of the water at 58^ F. is 1000*65, distilled 
water being 1000. 

Qualitative analysis exhibit ud the presence of uiiigncsia, lime, 
potash and soda, with sulphuric, siUcic and carbouic acids, cklorjme 
organic matter, and a trace of pliosphoric acid. 
J. Detcrniinaiiuii of the total amount of fixed constituents. 



Amouiit of water. 

I. 4000 grs. 
II. 3500 „ 



Fixetl residue. 

2-284 grs. 
2 002 



>9 



Per-centage. 
00571 
00575 



3* BeCennination of sulphuric acid. 

Attoont of ivsier. Sidphtte of baryit. 



I. 4000 grs. 
II. „ 



1-130 grs. 

I3di 



n 



C, Determination of chlorine. 

Amouut of water. Amount of ehloriile 

of silver, 

I. 8524 grs. 2 216 grs. 

II. 4120 „ 2 590 ^ 



» 



D, Determination of the silicic acid. 

AnMmot of waler. AmoaDt of riUcte add. 

I. 8750 grs. 0-032 gi-s. 



n. 11 



0*04,1 



YOt, II. — ^KO. T. 



Mean 0 0573 

Per-Cratft^ of 

Sulphuric acid. 

0-0097524 
0-0097504 

Mean 0 0097514 

Chlonne per ceat. 

0-01555 
001567 



Mean 0 01566 

Silidc acid per cent. 
000040685 
0*00041000 



Mean 0 00040842 
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S, a. Determination of tlie total amount <tf lime. 

Amoniit of wiler. Amoant of ctrbonate 

of \iva9, 

I. 7850 gn* 0-801 grB. 



jlL 1 



LiiA6 p6f Ctnft* 

0005717 
0005615 



Mean 0*005666 

A giren quantity of water was boiled for half an hour^ t}\e flaak 
being so arranged that no evaporation could take plaee» The pre- 
cipitate formed was separated by filtration, and the amoant of UoM 
in the precipitate and filtrate determined in the usual manner. 

b, Estimstion of lime in the precipitate. 

Amoant of water. Amoant of oarbonato 

of lltno. 

8000 gn. 0*438 grs. 

tf« Determination of lime in filtrate. 

Amonnt of water. Amoant of carbonate 

of lime. 

8000 grs. 0*371 grs. 

R Determination of magnesia. 

Amoant of water. Pyro-phosphate of 

7850 grs. 0-505 grs. 

10000 0*644 



Per-eenta^e of Itme in Ite 
water as carbonate. 

0-003056 



Per*eeatage of Ifane la flm 

^ater as soluble salta. 



99 



Per^oentage of 

iuai;nesia. 

0-002355 
0002357 



Mean 0 002356 



G. Determination of the alkalies. 

Amount of water. Amount of chloride? of 

potassium and sodium. 

10000 grs, 3-475 grs, 

8000 „ 2'7m „ 

a. Estimation of potash. 

Amount of water. Potassio-chloride of 



10000 grs. 
8000 „ 



platinum. 

L-313 
1050 



1-313 grs. 



Per-centage of potash. 

00025335 
0002532G 



b. Estimation of soda. 
Amoant of water. 
10000 grs. 

dooo 



99 



Chloride of sodium. 

3'074 grs. 
2 450 „ 



Metm 0-0025380 

Per-centage ci sodi. 

0*0016193 
0<K>16282 



Mean 0*00162125 
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H, Determination of carbonic acid. 

This was determined in the usual manner, bv the addition of a 
mixture of chloride of calcium and ammonia to a known wcisht of 
water. 21000 grs. of water, thus treated, gave 8 21 grs. of 
precipitate, which, by the ordinary process, yielded 1*456 grs, of 
carbonic acid, = 0 006938 per cent, of that body in the water. 

In order to determine tlie phosphoric, crenic and apocrenic acids, 
and extractive matter, 100 lbs. of the water were evaporated to 2 lbs., 
giving 72 gra. of precipitate^ the ^trate and washings weighing 
25000 grs. 

/. Determinrtion of phonphoric acid in combination with lime* 





P|jVO*pliosp1iate of 


Per.cetitagc of 






phosphoric acid. 


17 grs. 


I'OIG grs. 


0*000392 


iC. Detennination of organic matter. 




0. Apocrenic add. 






Amount of pi«ci^t«te. 


Copper-Mlt obtained. 


Per-centage of 

apocrenic acid. 


22*2 gra. 


0*320 grs. 


0 00012005 


h, Cienic add. 






iinowit of |iiedfitila» 


Coppflr-iilft obtsfawdU 


Pcr-centage of 

crenic acid. 


22*2 gra. 


1*986 grs. 


0 000237 


c. Extractin matter. 






Amflmil flf filtnto. 


Batnetive naHer. 


Pcr-centage of 
extractive matter. 


10000 grs. 


6*88 grs. 


0-0002157. 



According to the above results, the water contains per imperial 
gaikm in grains ; 

Carbonate of lime 
Carbonate of magnesia 
Phosphate of lime 
Sulphate of lime 



Sulphate of potash 
Sulphate of soda 
Chloride of sodium 
Silica add • 
Crenic add 
Apocrenic add 
Bitractive matter 
Oxides of iron and manganese. 



d'83250 
8*40830 
•27672 
4-42018 
8-27812 
4*81180 
17*75814 
-28589 
•16590 
-08403 
1-71990 
t races 

40*04110 
n 2 
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The amount of fiied residue obtained hy direct ejqperiment was 
40-11 grs. per gallon. 

The amount of pure carbonic acid in the water ia 4*39 cubic 
inches in the imperial gallon. 



Dec. 18, 1848. 

John Thomas Cooper, Vice-President, in the Chair. 

Messrs. Jolm Blyth, M.D., F. Muspratt, J. IT. Gladstone, Ph. D., 
James Napier, James Mason, and Willirtm Hejlia^ were elected Members 
of the Society. 

The following paper was read : 

IV. — Researches on the volatile Orgamc Bases^ 

By Dr, a. W. Hofmaxn; 
Fro/nssor at the Royal College of Chemistry. 

iV. ANILIDES. 

In a sliort note^^i^ communicated several years ago to the Society, I 
pointed out the existence of several new aniline compounds, without 
entering, however, into details respecting their properties, and without 
giving the analytical data on which my statements were founded. 

A variety of other researches prevented me from completing the 
study of these substances, and it was but of late, that a new reaction 
I met with in another investigation, compelled me to return to the 
subject. 

In my paper on melaniline,t I mentioned that the result of 
the action* of chloride of cyanogen on anilme is very materially 
influenced by the presence of even small quantiticB of water^ either 
in the aniline or in the chloride of cyanogen. Perfectly anhydrous 
aniline, when exposed to the action of chloride of cyanogen, pre* 
viously dried by chloride of cslcium, is entirdy converted into hydro- 
dilorate of melaniline, in accordance with the formulse : 

2 (Ci3 llj N) + Cg N 01= N3, H CI, 

» — ' ' V ' * V ' 

Aniline. Chloride of Hydrochlotste of 
Cyanogen. Mdaniliue. 

On separating the base, by means of potash, from the solution 

* MeoMHrtof the Chemical Society, toL in. p. 26. 

t Qnirterty Jowmal oi the Chndcal Society, toL i. p. 286. 
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of ibis hjdroehlorate^ a mother-liqnor is obtained, wbicb, on evapora- 
tion, yields scarcely a trace of organic matter. 

AcHon of Monde of cyanogen on anUine m the preeenee of water, 
-*If the action of chloride of cyanogen on aniline takes place in the 
presence of water, a different deportment is observed, llie mother- 
liqnor, from which the melaniline has been separated by an alkali, 
when concentrated by evaporation, deposits on cooling slightly 
coloured aeicolar crystals, the quantity of which is in direct proportion 
with the amount of water that has been present. By treating aailine 
with the aqueous solution of chloride of cyanogen^ obtained by passing 
chlorine gas into a solution of hydrocyanic acid in water, the chief 
product of the reaction, besides hydrochlorate of aniline, consists in the 
above-mentioned acicular crystals, whilst only traces of mekniline 
sre separated on the addition oi putash. The acicular crystals, as will 
be seen from the subjoined analysis, are the anomalous cyanate of 
^ aniline or anilo-area, as the compound formerly was briefly termed. 

▲NUO-tniEA.— GABBAMIDB-CARBANILIDS. 

There is no difficulty in purifying the crystals of this substance. 
Treatment with aniuial charcoal, and one or two crystallizations, 
from boiling water, are sufficient to render tlicm perfectly colourless. 

The same compound is produced by mixing a solution of suli)hate 
of aniline and cyanate of potash. After the lapse of some time the 
liquid beroiiies turbid, and gradually solidifies into a crystalline mass, 
consistmg of the new substance and sulphate of potash, which have 
separated by ci-ystallization, the i'onacr being very soluble in boiling, 
and but slisjhtly soluble in cold water. 

A third method of preparing it, consists in passing the vapour 
of hydrated cyanic acid (as obtained in the distillation of cyanuric 
acid) into anhydrous aniline. This experiment, however, requires 
particular care ; the liquid has to be kept as cool as possible. 
On pajssing a rapid current of cyanic acid gas into the base, a 
very powerful evolution of heat takes place, under the intlnence of 
which, the uewly-fortned compound undergoes a i'urthcr decomposi- 
tion, a substance perfectly iusuluble in water being formed, to which 
I shall return in the course of this paper. It the liquid has been 
exposed to a slow stream of gas, it gradually solidities into a crystal- 
line mass, which, when dissolved in boiUng water, deposits crystals of 
perfect purity on cooling. lu most cases, however, a small quantity 
of the substance insoluble in water is likewise formed. 

The identity of these products was proved by the following 
analyses. 
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1*0^ the mlysM I. II. and IV.^ the coippouiid had hem pic^sped hy 
the action of moist chloride of cyanogen on aniline; analyfis III. 
s^i^rs to a prodjoat iH)tfuned by treating aniline with i| eiiriiBAl of 
«y|]|ip udd gas* 

I. 0*8667 gim. of anbetanfie : 
0-8247 ,f carbonie aeidi and 
0*1995 „ If water. 
II. 0*2906 I, „ Bubatance gave: 
0*6590 „ I, carbonie add, and 
0*1610 „ water, 
m. 0*2878 „ „ aubstance gave ; 
0*6456 „ ,y earbonio aeid» and 
0*1596 „ „ water, 
ly. 0*2947 „ anbatance gave : 
0*4262 „ „ platinum. 
From iheae nvmbera the following per-centage eonq>oBition « 
dednced ; 

I. IT. III. IV. 

Carbon . . 61-33 61-86 61*17 ^ 
Hydrogen . • 6 Oi 615 615 
Nitrogen , , ^ ^ 2051 

whieh leads to the fozm^ : 

C,4 Hg K, 0., 
aa may be aeen from the following table ; 

Theory. MMa flf upciipiaM. 

14 equiv. of Carbon . . 8-i 61-76 61 -45 

8 „ „ Hydrogen . 8 5 88 6 08 

2 „ „ Nitrogen . . 28 20'58 20-51 

2 „ „ Oxygen . , 16 11-73 — 

1 ,y „ Anilo-nrea • 186 100*00 

The formation of anilo-m-ea in the preceding reactions is easily 
iiUelligible ; whilst in the two latter cases it is produced either hy 
the direct nuiuu of the constituents : 

C„ Hy N + H Cg N Oa = C^^ Hg N, O^, 



CyKnic acid. AnikKiirwt 
or by a process of double decomposition : 

C ^HyN ,HbO^ + KCjNOg= H^ Ng Qg JiSO^ 

Snlphtte of Cynate of Aoilo-iiica. 
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we have in the formor^ a transposition of the chloride of cyanogen 
with the elements of water, in oonsequenee of which hydroehlork 
acid and cyanic acid aie formed : 

9 C„ Uy N + C, NCI + !3 HO s C„ N, H CI + 11^ 




Chloride of Hydrochlorate of Aailo-aiM. 

Cyanogen. Aniline. 

The exchange of chlonna for oxygen in this oaie w remarkable | it 
does not occur in the presence of ammonia; by saturating an aqueous 
solution of ammonia with chloride of cyanogen and subseqiieQl 
evaporation I did not obtain crystals of urea. 

Anilo-urea is but sparingly soluble in cold water ; boiling water 
diasolyes it in large quantities; if the saturated solution be boiled 
with an excess of the substance, the crystals fuse and sink to tlw 
bottom of the yessel in the form of an oily fluid. The eomponnd is 
likewise very soluble in alcohol and ether. It can be boiled with 
dilute adds and alkaHes, without the slightest decomposition, I hare 
repeatedly studied this reaction^ bemuse at the first glance it 
appeared to point out the possibility of thus producing anthranilie 
add: 

C„ Hg N5, Oa + 2 liO = N -f NH,? 

AnOo-iirea. Anthranilie 

acid. 

I have noty however^ been able to effect this transposition ; both 
alkalies and adds, when employed in coneentrated solutions, produce 
different changes. 

When boiled with a concentrated solution of potash, or when 
heated with hydrate of potash, anilo-urea yields aniline and ammo- 
nia, carbonate of potash remaining in the retort : 

Cj^ Hg N2 O2 + 2 (KO, HO) = Hj N + NH3 + 2 (KO, COa). 
Anilo-urea. Aniline. 

Anilo-urea dissolf^ in concentrated sulphuric acid without decom- 
position ; on heating the solution, a brisk evolution of pure carbonic 
add takes place, the residue contains sulphate of ammonia, and the 
conjugated sulphuric acid which M. Gerhardt* obtained by the 
action of sulphuric add on various anilides. The brown resi- 
duary liquid solidifies, on the addition of water, to a slightly reddish 
crystalline mass, which may be purified by solution in boilbg water 
and treatment with animal charcoal. A slowly cooling solution 

* Jonraal de Phaimade, 3 S^. i. x. p. 1. 
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^posits splendid rhombic crjrstals^ of oonsiderabk aise and remark* 
able lustre. 

The following equation illustrates this transposition : 

Ch Hq Nj O3 + 8 H SO4 « Hy N Og + 2 CO^ + NH^ SO^. 

Anilo-nrea. Sulphanilie 

acid. 

Although the behaviour of the acid, produced in this reaction, left 
no doubt respecting its identity with anil-sulphuric acid^ a aulphur 
determination was nevertheless made. 

0*4268 ^m. of the acid^ burned with m mixture of carbonate and 
nitrate of potash^ gave : 

0*5835 grm. of sulphate of baryta corresponding to 18*75 per 
cent, of sulphur. 

The formula : 

requires the following values : 

Theory. Experiment 



12 equiv. of Carbon 


. 72 


41-62 


7 n „ Hydrogen . 


. 7 


404 


1 „ „ Nitrogen . 


. 14 


809 


2 „ „ Sulphur « 


. 82 


18*49 


6 „ „ Oxygen . 


. 48 


27*76 


1 „ „ Sulphanilie acid • 


. 178 


10000 



18*75* 



The method by meana of whicli 1 first obtained amlo-urea, viz. : 
the action of hydrated cyanic acid on aniline, very naturally sug- 
gested the idea that this compound must be considered as an analogue 
of urea; as urea contaming the elements C^i H^. 

Urea . . . N Ilg H N O2 

Anilo.urea . . (0„ H^) N H3 H C, N 0» 

and hence the name under which I liave described it. 

This mode of regardinjc: it is, however, not supported by the chemical 
deportment of the compound ; in anilo-urea we no longer find a 
remnant of basic properties. 1 have vainly endeavoured to combine 
it with acids, in order to produce coni])ounds analogous to nitrate or 
oxalate of urea. The presence of these acids does not increase the 
solubility of the aniline compound in water, and the crystals deposited 

* The diglit ooaM of au^fanr snis from the piwenee of a tnee of mlphsfte ia <he 
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011 cooling retain no add. Mj attempts to form a platiaiun*8ah 
have Hkewise been onsaeoessfiil. 

The formula of anilo*urea admits, however, of another interpreta- 
tion^ which is strikingly supported by experimental endenoe« The 
IbUowing equation : 

Ci4 Hg No 0, = NHo, CO ; V , , Ilg N, CO, 

shows that we may consider this substance, likewise, as a double com- 
pound of carbamide witb its conjugated analogue. The existence of 
such double compounds is by no means isolated ; in a Memoir on the 
metamorphosis of cyanilme, winch I intend shortly to present to the 
Society, I shall have to describe a body of perfectly similar con- 
struction, viz. a compound of oxamide with oxaniUdej coxxespond* 
ing in every respect to the preceding substance. 

Carbamide-carhanilide . « NH^, CO; C], Hg CO 
Ozamide-oxanilide . . . NHo, C, 0^ ; C^j N« C^Og. 
I was very curious to submit this idea to the test of expenment, and 
was fortunate enough to meet with a reaetbui which leaves little 
doubt regarding the structure of anilo-urea, or carbamide-carbani- 
lide, as the substance more properly should be called. I found 
that, when submitted to the action of heat, this compound actually 
splits into its proximate constituents ; one of which, the carbanilide, 
is the principal product of the reaction, whilst the other, unable 
to exist at the temperature at which ike separation takes place, 
undergoes a further metamoKphosis, and can be recognised only in 
its derivatives. 

In submitting anilo-ur^ to the action of heat, the aubstance fuses 
without decomposition ; on increasing, however, the temperature above 
the fusing point, torrents of ammonia are evolved, while the liquid 
in the retort solidifies to a crystalline mass, which again liquifies^ and 
ultimately distils on a further elevation of the temperature. If the 
process be interrupted as soon as the evolution of ammonia ceases, 
and the solid begins to liquefy again, the residue in the retort con- 
sists of csrbanOide and eyanurie acid. On treating this mixture 
with a large quantity of boiling water, the whole of the cyanuric 
add, together with a small quantity of the other substance, is dissolved. 
In order to obtain the cyanuric acid, the aqueous solution is evapo> 
rated to dryness, and the residue extracted with alcohol, when car* 
hanilide is dissolved, and the acid remains in a atate of purity. 
The properties of eyanurie acid are so marked, that I have omitt^ 
to analyse the product j its comportment with solvents, and emitting 
also the well-known odour of cyanic add when heated, appearing 
quite sufficient to obviate all chance of mistake. 
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The production of carbanilide, of ammonia, and of cyannrio 
acid in this reaction, admits of an easy explanation, if we recollect 
that carbamide is actually a submiilti]>le of urea^ which, as is well 
known; when submitted to dry distiiUUou^ is converted iato WQpioxua 
and cyauuric acid. 

Two equivalents of the compound contain the elements of two 
e^oivalfints of carbanilide and one of urea : 

2Ci«H8N,Og» 2Ci3UeNO + C^NgH^O^ 

Carbamide-carba* Carbanilide. Urea. 

nilide. 

and the folluwmg equation exhibits the final results of the destme- 
tion of carbamide-carbanilide by heat : 

6 Cm g« N, O, =» 8 NH, t 6 no + H, C, N, Oy 

Carbamide-caiba. Carbanilide. Cyanunc aciil. 

nilide. 

The Bubstance which I have described in the preceding pages 
claima some interest, as the first conjugated amide which wa^ 
discovered, and as the first meiiiber of a class of compounds, 
which has been enriched in so remarkably a mann^ by the investign? 
tions of MM. G^rhardt and Xiaurent, 



CARJBAMIDE-NITaOCARBANILIDE. 

B^ore ^BSBing to the description of oerbanilide itself^ I haw 
to Bay a few words respecting a compound closely oonnected 
with the above double amide, the existence of which I have pointed 
out in my Memoir on melaniline.* When studying the action of 
chloride of cyanogen on nitraniline, I noticed that along with basic 
dinitromdanUine a neutral substance was formedj which separated in 
long yellow needles from the solution of the crude product of the 
reaction in boiling water. 

Analysis, as might have been anticipated^ proved this body to be the 
double amide : carbaniide-nitrooarbanilide. 

0*2706 grm. of substsnce gave : 

0«4576 „ carbonic acid s 46*10 per cent of carbon, and 
0*1015 „ water = 4*16 per cent of hydrogen. 

The formula : 

Cm H, N, 0, = { J5 J N, 0,= NH, CO J Cb { JJ^^ } N, CO 

re<juires the following values : 

* Joumoi it^ Sd^otf, v. |. ^ ^Q$« 
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14 eq. of Carbon .... 


84 


46-40 


4610 


7 „ Hydrogen 


7 


386 


4-16 


8 „ Nitrogeij 


42 


23-23 




6 „ Oxygen 


48 


26-52 




1 „ Carbamide -nitrocarbani- 








lide .... 


181 


100 00 





The formntioi of thii oampoaqd will be evident £rom the foUowiof 
equation: 

*(*^{NbJ^)+^«NCl + 2HO=C„{{J5Jn,HC1 
< 1 « ' 

HitmiiUBes. Hydrodi! orate of 

iutmului6> 



Ciibaiiiid«<4utn}carfaanlidee 
An analogoua iodine compound : 

NHjpCOiCial^sJ, N^CO 

18 produced in the reaction of chloride of cyanogen on iotoiliae 
aknig with diiodomelaniline. I have not analyBcd this eomponnd. 



CABBANIUDE. 

This substance is but very slij^htly soluble in water; it dissolves 
more readily in alcohol and ether. The boilinj* alcoholic solution 
deposits, on cooling, beautiful satiny needles, which have froquently a 
reddish tint, from which they may be freed by rccrystallizaliun from, 
alcohol with animal charcoal. It is inodorous, but emits, when 
heated, a sutfocating odour resemhling that of benzoic acid. It fuses 
at 205° C, and distils without altci-ation. 

When speaking of the formation of anilo-urea, by passing the 
vapour of cyanic acid into aniline, i mentioned that care must be 
taken to avoid the liquid getting very hot, in order to prevent the 
formation of a secondary product. I need scarcely say that this 
secondary product is nothing but carbanilide, which may be easily 
separated from the accompanying compound. 

The nature of carbanihde being once understood, other methods 
presented themielyes for its prcpwmtion* The simplfift pto 
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appeared to be a reproduction of tlie circumstances under which car« 
bamide was first obtained by M. Regnault. On exposing phoctgene 
gu/^ the interesting chloride of carbonic oxide^ for the discoveiy of 
which we are indebted to Dr. John Davy, to the action of amnumia, 
the two gases solidified into a mixture of chloride of ammoninm and 
carbamide. 

2 CO CI + jiNH, = NU4 01 + NHg, CO. 

This mixture admits of no complete separation ai its two ingredients^ 
both compounds exhibiting about the same bdiaviour with solvents, 
and it was by its reactions only^ that M. Begnault succeeded in 
establishing its true nature. 

The action of phosgene gas on aniline is perfectly analogous to 
that on ammonia, and the products of the reaction being easily 
separable, it affords a striking confirmation of M. Begnault's 
original explanation of the phenomenon. Aniline when introduced 
into an atmosphere of phosgene gas, solidifies at once into a crystal- 
line mixture of carbaniUde and hydrochlorate of aniline. The 
process is attended with a pow^ul evolution of heat. 

2 0,3 Hy N + 2C0 01 = O12 N, H 01 4- O,^ Hg N, CO. 
It suffices to extract the ( rude product of the reaction with boiling 
water, when the hydruchlorate of aniline is dissolved^ carbanilide 
remaining, which may be obtained in a state of purity by a single 
recrystallization from alcohol. This is certainly the simplest manner 
of obtaiiniipr carbanilide.t 

The substances employed in the following analyses were partly 
obtained by this ])rocess (I. and II.), and partly by the action of 
cyanic acid on aniline (III, and V.) Combustion IV^ was made with 
a product formed in the diy distillation of anilo-urea. 

L 0*4270 grm. of substance gave : 
1-1400 „ „ carbonic acid, and 
0*2200 „ „ water* 

* The imue pbMgene gas was originaUy framed by Dr. Dvrji on acoonni of Uie 

remarkable manner in which solar radi.ition promotes the combination of carbonio Ofldde 
with chionne. The co-operation of siiu-light, liowrvrr, is nt»t absolutely necessary; 
Dumas when studying the action of this compound ou alcohol, ascertained that the 
eombinalion likewtse took place in reflected light, but much move ilowly ; I have lately 
found that phosgene gas may be readily obtained by passing carbonic oxide throng 
boihng pcnlacbloriile of antimony, which by this treatment is reduced to the state of 
ter-chloride, and this reaction affords even a simple method of qualitatively ascertaining 
the presence of carbonic oxide in a mixture of gases ; for the odour of phosgene gas is 
so peeoliar, that it cannot be mistaken by a person who hat once amdt it. 

t Care roust be taken, however, that the phoagene gai contain no free chlorine, 
which g;ives rise to tbf formation of a chlorinated compound, impartl&g a iMct coloor 
' to the carbanilide, and can only be separated with great difficulty. 
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II. 0-3325 grm. of flulMitaiice gave : 

0*9020 „ „ car1x>iiic icid, and 

01771 water. 

III. 0*3019 substance gave : 
0*8182 „ carbonic acid, and 
0*1610 „ „ water. 

IV. 0*2584 „ substance guve : 
0*6812 „ „ carbouic acid, and 
0*1828 „ „ water. 

V, 0-4160 „ substance gave : 

0'3835 „ „ plutmuui. 
Fer-centage composition : 



if 



I. II. III. IV. V, 

Carbon * . 72-81 73 90 73*91 73-31 

Hydrogen . 5*72 5*90 5*92 5*82 

Nitrogen . — — — — 13*07 
The formula : 

' He NO = C„ He N, CO 

requires the {ollowing values : 



Theory. Heia of cxpttinoits 



13 eq. of Carbon 
6 Hydrogen 
1 Nitrogen 
1 « Oxygen 



Cciibaiiilide 



78 


73*58 


73-48 


6 


5-66 


5-84 


14 


1301 


1307 


8 


7-75 




106 


10000 





The behaviour of carbanilide, with both concentrated acids 
and alkalies, agrees pcil'cctly with the formula deduced by analysis. 
When boiled with concentrated sulphuric acid, this substance is con- 
verted into sulphanilic acid, pure carbonic acid being evolved. 

C„ He N, CO + 2 HSO^ =: H SO4 C„ He N, SO,* + CO,. 

^ ^. — ' ^ — : — ' 

Carbanilide. Sulphanilk acid. 

Ebullition with concentrated potash solution^ or fusion with solid 
hydrate of potash gives rise to the formation of carbonate of potashj 
while aniline distils over. 

C,2 He N, CO + HO, KO =r C^ H, N3 + KO, CO^. 

Carbanilide. Aniline. 
The same decomposition takes place, although less perfectly, even 
without the assistance of potash^ if moist carbanilide r^idly 
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eiposed to a high tenlpMimre, and lienee the mTariaUe preaenoe of 
BmaU quantittes of curbonie acid a&d aniline among the products of 
the di&tiUation of aDilo-nrea» if tlik rabttance Iiaa not be^ perfectly 
dried before the eqidrinient. 



The peculiar decomposition which anilo-urea aihibits under the 
inAuence of heat^ induced me to study the phoiomena attending the 
dry distillation of the oorrespondiBg sulphur oompoupd^ hydrosulpho- 
cyanate of aniline. 

Hydrosulphocyanate of aniline is easily prepared by saturating 
free hydrosulphocyanic acid with an excess of aniline. The acid 
used in my experiments had been prepared by decomposing sulpho- 
cyanide of lead by hydrosulphurie acid. On evaporating the solution 
of hydrosulphocyanate of aniline, the compound separates in the 
form of deep red oily drops, which only gradually solidify into a 
crystalline mass. In repeated operations^ I never succeeded in obtain- 
ing the salt perfectly colourless. 

Action of heai on HydrogU^hocyonate of AmUne* 

Dry hydrosulphocyanate of aniline, when exposed to the action of 
heat^ fiised at a very moderate temperature, and entered soon into a 
sort of ebullition, torrents of hydrosulphurie acid and of sulphide of 
ammoniuDi being evolved, whilst on increasing the teinpLrature, 
a colourless oily liquid distilled over, solidifying in the water of tlie 
receiver to a semi-solid crystalline mass. The residue in the retort is 
a slightly coloured resinous substanee. In order to purify the 
crystalline compound, the whole distillate was subjected to another 
distillation. The liquid which Taow came over, separated into two 
distinct layers^ of which the upper one contained a large quantity of 
hydrosulphurie acid and ammorua, whilst the lower one consisted of 
pure bisu I })lnde of carbon. The products of the dry distillai ion of 
hydrosulphoeyauate of aniline are, therefore, an ainorphous body 
remaining in the retort, ammonia, hydrosulphurie add, bisulphide 
of carboTiy and a cryaiaUine substance^ which, as the Rubpcqucnt 
analysis will prove, is a compound corresponding to carbanihde, in 
which the oxygen of the latter is replaced by an equivalent quantity 
of sulphuTj a compound represented by the i'orinuia: 

Cj, He N, CS, 
for which I propose the name of Sulfl^fettr^aniUde, 

The decomposition which hydrosulphocyanate of aniline under- 
goes when submitted to destructive distillation la pevfeetl^ analogous 
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to that of anilo-urca. Two equivalents of the hydrosulphocyanate 
split into two equivalents of sulphocarbanilide and one equivalent 
of Bulphocyaiiide of ainiiionium, according to the equation : 




HydrMolphocyanate of iSulphocarba- Siilpkocy«iud« of 

anilim. nilide. aniMiiliiiii. 

Of course we cannot expect in a decomposition of this kind 
actually to separate the sulphocyanide of ammonium ; this compound, 
like urea, liring unable to exist at the temperature at which the 
decomjiosition takes ])lace. But there is no diffirnltv in tracing: it in 
its products of decomposition. From the cxjk riments of Professor 
LiebipT, \vc know that sulphocyanide of ammnniuin, when exposed to 
the action of heat, evolves ammonia, hydrosulphunc acid and bisul- 
phide of carbon, whilst a residue remains, described by Jjiebig under the 
name of mclam, splitting on the farther apj)lication of heat again into 
mellon and ammonia. Now I have mentioned already that the distil- 
late of hydrosulphocyanate of aniline, along with sulphocurbanilid^ 
actoally contains a large quantity of sulphide of tmmomum and 
bisulphide of carbon* The reaidae in the retort seemt to consiat ai 
toeiloii or melam, mixed with i amall quantity of an aniline com- 
pound. The comparatively small scale in wkich I had to work, and 
the difficulty of pmilying the mellon compounds^ pmented me 
from entering upon a more minute.investigation. 

There is, however^ but little doubt that the dry distillation of 
hydroBalpho<7anate of aniline ia illustrated by the above eqnft* 
tion. 

The ptepanlion of •olphocarbanilide by the aotion of heet on 
the hjdrosnlphocyanete of aniline being rather a eiienitons pro^ 
MMt I tiled to obtain the same compound by means of a different 
method. The ready ptoduetion of cirbanilide^ by the aetkm of 
phoagene gas on aniUne, appeared to point oat the course to be pursued. 
There was but little doubt that the compound in question would 
easily be formed by submitting aniline to the influence of a sulphur 
compound analogous to phosgene gas* A substance of this kind is 
Imown^ but very imperfectly* In his remarkable paper on the con* 
version of bisulphide of carbon into the bichloride^* Dr. Kolbe 
states that the first product of the action of chlorine on bisulphide of 
carbon at high temperatures is the compound : 

C CI. 

* Liebig*8 Aanalen, Bd. slt. 8. 41. 
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.The purification^ however, of this substance appears to have been 
attended with so much diffieoltyi that a very satisfactory analysis of 
it is still wanting. Before recurring, therefore, to this difficult and 
itiU doubtM reaction^ I tried whether sulphocarbanilide might not 
be lionned by treating aniline with bisulphide ni carbon. 

Action of Bisulphide of Carbon on Analine, 

Aniline and bianl^ideof carbon may be mixed in erery proportion. 
A mixture of this kind, when left for some honra, begins to evolve 
hydroBulplniric acid, and gradoally loHdifiea into a scaly crystalline 
mass, whieh, after pnrification, is easUy identified with sulphocarba- 
nilide. The reaction ia represented by the following equation : 

Cm N + CSjj = CjaHfi N, CS + HS. 

AniKne. Sulpbooarbtnilide^ 

At the common temperature, weeks are required for the completion 
of the process ; with the aid of heat, the conversion may be effected 
rapidly. The simplest plan is to fix a large Liebig's condensor ver- 
tically into a flask containing the mixture, which is gently heated ' 
for a day or two in a sand-bath over a gas flame. The presence of 
alcohol, I find, considerably accelerates the conversion. As soon as 
the evolution of hydrosulphuric acid ceases, the digestion is inter- 
rupted_, and the crystals are freed from the remaining bisulphide of 
carbon by ebullition. One or two crystallizations iroxa alcohol render 
them perfectly pure. 

The action of bisulphide of carbon on aniline presents a most 
remarkable analogy with the decomposition occurring in a mixture of 
the same compound with ammonia. The experiments of Zeisc have 
proved that an alcoholic solution of bisulphide of carbon, when 
saturated with ammonia, is gradually converted into the same 
ammonium compound, which Mr. Forret long ago obtained by satu- 
rating his hydrosulphocyanic acid with ammonia, viz. into sulpho- 
cyanide of ammonium. Now sulphocyanide of ammonium, although 
widely difiercnt in its chemical nature from sulphocarbanilide, never- 
theless presents a striking analogy to this compound. Sulpho* 
cyanide of ammonium is a multiple of sulphocarbamide. 

NH„ a N S2 = H, S, = 2 (NH2, CS) 

The modes of production of sulphocyanide of ammonium and 
sulphocarbamlide thus become perfectly parallel^ as may be seen 
by the two followi'^-g corresponding equations ; 
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NH3 + C = N Hj, CS + HS. 

V ' 

Sulpho-ryanidc 
of ainmoniurn. 

Hy N + C = IL N, C S + H S. 

«-nr-' * V ' 

AniUne* SnlpbocarlMiuUde. 

For the following analyses^.tlie compound was obtained in different 
preparations. The product employed in the first combustion was 
formed in tile dry distillation of hydrosulphocyanatc of aniline ; the 
other analyses were made with the compound obtained by the action 
of bisulphide of carbon on aniline. 

I. 0*2477 grm, of substance gave : 
0'6219 carbonic acid^ aud 

0-1204 „ „ water. 
II. 0*2891 substance «?ave : 

0*7253 „ ,y carbonie acid, and 
01305 „ „ water. 

III. 0*3259 „ substance gave : 
0*8120 „ ^ carbonic acid, and 
0*1542 „ water. 

IV. 0*4593 grm. of substance i^ave : 

54*5 C.C. of moist nitrogen at 2P C. and 0% 7596 Bar. 

Of the following two sulphur deteminations, the first was made by 
gradually deflagrating a mixture of the substance with nitrate of 
potash and carbonate of soda. A small quantity of the compound 
having been Tolatilized in this operation, a second experiment was 
made, in which the sulphocarbaniUde was dbsolved in fuming nitric 
acid, which converts it into a substitution-body, which is no 
longer volatile. The solution was evaporated to dryness, and the 
residue deflagrated in the usual manner with nitre and carbonate 
of soda. 

y. 0*3809 grm. of substanee gave: 
0'3825 „ „ sulphate of baryta. 

VL 0*4985 „ „ substance gave : 
0-5105 „ „ sulphate of baryta, 

Per-centage composition : 

I. II. III. IV. V. VI. 

Carbon . . 68*47 68*42 67*95 — — . — 

Hydrogen . • 6-41 6-27 5*26 — — — 

Nitrogen . • — — — 12*63 — — 

Sulphur . . — _ ^ 13*67 1404 

VOL. II. NO. V. ■ 
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the mean of which closely agrees with the values of the formula : 
as may be seen ttom the following table : 



13 equiv. of Carbon 
6 „ Hydrogen 
^ 9» >i Nitrogen 
1 „ „ Sulphur 





Tbeoiy, 


Mmii* 


. 78 


68*42 


68-28 


6 


5-24 


6*23 


. 14 


12*29 


12*63 


. 16 


1403 


13-8& 


« 114 


10000 


10004 



1 „ „ SulphocarbaniUde 

Sulphocarbanihdc is but slightly soluble in water, it dissolves 
more readily in alcohol and ether, the boihnir solutions deposit the 
compound, on cooling, in beautifully iridescent jdates of remarkable 
lustre. Sulphoearbanilide is distinguished by its bitter taste, it 
is in fact one of the bitterest substances 1 ever met with. Il Las a 
peculiar smell, which becomes more perceptible on heating. It fuses 
at 140^ C. (284^ F.) and distils without decomposition. 

Dilute acids and alkalies have no action on sulpliocarbanilide; 
when concentrated, they decompose the comi)ound, and these decom- 
positions arc analogous to the corresponding changes of carba- 
nilide. Sulphocarbanilidc dissolves in concentrated sulphuric acid; 
on gently heatinq: this substance a brisk effervescence takes place, 
carbonic nnd siilpliurous acids being evolved; the remaining solution 
isohdilies on the additiou of water into a crystailiue mass of sulphanilk 
acid. 

The equation : 

He N^S + 2 H SO4 = Cn H, N Sj, 4- CO3 + HS 

Sulphocarbanilidc. Sulphanilic acid. 

illustrates the decomposition ; it is evident that the hydrosnlphnric 
acid of this equation^ when coming into contact with concentrated 
sulphuric acid, is decomposed with the formation of sulphurous acid 
and the deposition of sulphur. In fact, on adding to the liquid a 
sufficient quantity of water to dissolve the sulphanSie acid, a muddy 
solution is obtained^ from which a ki^e quantity of free sulphttr is 
deposited : 

HS + H SO4 « 2H0 + S + SO,. 

On fusing sulphocarbanilidc with solid potash, pure aniline 
distils, a mixture of carbonate of potash, and sulphide of potassium 
remaining in the retort ; 
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Hg N, C S + (HO, KO) = C,^ Hy N + KS + KO, CO, + HO. 

Sulphocar. AjiiUiifii 

banilide. 

If instead of solid potasli, an alcoholic solution of that hasc be 
employed^ the reaction is considtrably modified. In this case the 
oxygen is simply exchanged for sulphur, sulphide of potassium and 
carbanilide being formed, which crystallizeSj on COdiifig> from UlA 
alkaline solution in long beautiful needles. 

C„ He N, CS+KO « KS+ Ci, N, CO* 

Sulphocftrbanilide. Carbanilide* 

The alcoholic aolation of potash may be advantageously replaced by 
protoxide of mercury. Indeed, on boiling an alcoholic solution of 
sulphocarbanilide with protoxide of mercur\% the red colour of 
the oxide at once disappears, black protoaudphide being depoiited, 
whilst carbanilide crystallizes from the solution. 

The rapid action of protoxide of mercury on the sulphur compound, 
induced me to examine its behaviour with chloride, bromide, iodide, 
and cyanide of mercury, in order to form the corresponding chlorincj 
bromine, iodine, and cyanogen compounds. These salts, however, 
are without action on sulphocarbanilide. 

The following table embraces the compounds, the analyaia of 
irhich 1 have communicated on the preceding pages* 

Carbamide-carbamiide . NHg, CO ; Hg N, CO 

Carbamide^nitrocarbaiuHde . NHs» CO ; C^, | j N, CO 

Carbnnilide . « • C|2 Hg N, CO 

Sulphocarbanilide . • Cu N, CS 



s 2 
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Jan. 15, 1849. 
Coloacl Philip Yorke in the Chair. 

Tlie foUowiiif^ presents were annoniiced : — " On the Phosphoric Strata 
of the Chalk Formation," by Messrs. J. M. Vdine and J. T. Way, from 
the authors ; " Report on the Analysis of the Ashes of Plants," Part III., 
by Messrs. J. T. Way and G. Ogston, from the authors. 

The following commmiicatioas wctc read : 

y. — On the Balis of Selemous Acid. By Br. Shekidan Mvspbatt, 
Professor to the Liverpool College of Chemistry, 

PEBLIMINARY REMARKS. 

I uiidcrLuuk the investigation of the salts of sclcnious acid, with 
the view of asccrtaiaiug whether they were analogous to those of 
sulphurous acid. 

Mitscherlieh has remarked, that the selenic and sulphuric acids 
are not only analogous in coniposition and in many of their pro- 
perties, but that the similarity runs through their salts, which 
resemble one another, in chemical comportment, constitution, and 
form. We might infer from this, that the sclcnites and sulphites 
would be isomorphous, sulphur and selenium being so analogous. 
In a former paper,* I mentioned the great similarity between 
carbon and sulphur, which also extends to the carbonates and 
sulphites. For nearly every carbonate, I obtained a corresponding 
sulphite. The formulje of the three acids are appended, in order to 
show their striking analogies : 

Carbonic acid • • • • • CO^ 

Sulphurous acid SOo 

Seleuious acid SeO,. 

We see, on xeferrmg to the above^ that they all oontain the same 
amount of oxygen^ I. e, 2 equiva of oxygen united to either carbon, 
sulphur, or adenium. 

* Although I proved the iflomorphiam with regard to the first two, 
my leanlta with adeoioua add are only in a few cases similar to those 
with sulphurous add. One of the great causes of this may be the 
persistency of the former, and the instability of the latter. There 
were numerous difficulties to contend with in the preparation and 
analysis of the salts of this acid, as will he hereafter mentioned. 

* Liebig's Amialeo der Chemie, Band l. p. 259. 
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PRBPAKATION 09 THE ACID. 

Seleuium was dissolved in pure, luimnir, nitric acid, and the 
solution evaporated on a sand-bath to dryness. The nitnr acid, 
when added, caused a most violent action, large quantities it lutrous 
fames being disengaged. The residue was a white powder, possess- 
ing a sour and styptic taste, which, heated on a sand-bath, afforded 
as a subliniate, most magnificent silvery-looking, very long, four- 
sided needles of selenious acid. 

This acid is also fonned by acting' u])on selenium with aqua regta. 
The former method, however, is preferable. 

9 Se + 6 N0« = 9 SeOj + 6 NOjj. 

GENERAL FKOPERTIES OF THE ACID AND SALTS. 

Eerzeliiis has made allusion to many of the following properties 
of selenious acid and its salts. In some cases, this illustrious Swede 
has not been sufficiently specific, owing, no doubt, to the enormous 
number of facts he had to contend with in other departments of the 
Science. It is stated in Turner's Chemistry,* **when 9ulpJaiirfm 
acid is added io a tolution of selenious acid, pure sdenhm is 
ihroum down." In the cold, I could not obtain this reaction, 
but when the two adds are mixed together and bailed, a vermilion- 
coloured precipitate, selenium, separates. Strong hydiDsulphuiic 
add decomposes selenious add immediately in the cold, an orange- 
yellow powder subsiding ; a sulphide of selenium. The preceding 
decompositions may be rq>resented as follows : 

SeOa H- 3 SOj = Se + 2 SO3 
SeO^ + 2 HS = SeSo + 2 HO. 

Hydrochloric acid lias not the slightest effect upon selenious acid. 

Selenious acid is reduced when heated on charcoal before the 
blow-pipe, the selenium imparting a beautiful blue colour to the 
flame. The fumes evohed are yellowish, and have the smell of 
decayed horseradish ; a most characteristic test for the acid. 
The smell is so persistent, that for days my clothes have retained 
it. This acid very seldom forms basic salts, and then only with 
those metallic oxides which readily afford them with other acids. 

It easily produces a basic salt with oxide of copper, in this respect 
materially differing from sulphurous acid. 

On passing sulphurous acid into water, hold in oxide of copper 
in suspension, a reduction takes place, the sub-oxide of copper being 
formed. 

* Eighth £ditiou, p. 265. 
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2 CuO + SO, :p SOj + Cu, O. 

When » s^lenite is heated in contact witb any organio matter, 
leduction immadiately oeours ; great care has, therafin»i to ba mr- 
ci»6d in the preparation of the ludta^ not to allow any of tha filtering 
p^per to adhiere to them. 

Charcoal jwduces the salta immediatdy at a high t^mpenituipe. 
If pharcoal i« fiised with ^elenife of ioda» aelenide of godinm and 
carbonic acid are obtained. 

+ 2 (NaO, SeO^) + 3 C = 2 (Na Se) + 3 CO.. 
Chloride of aiumonium distilled with a selenite affonb selenium, 
which condenses in the neck of the retort. The decomposition may 
be exhibited by the following equation : 

3 (NaO.SeO.,) + 3 (NH.Cl) = 
8 Be + N + NU4O + 3 NaCl + 8 HO. 

Three e^nivalenta of selenite of soda and 3 equivalents of chloridle 
of ammonium contain the dements of 8 equivalents of seleniam, 
S of nitrogen^ 3 of chloride of sodiumj^ 8 of water, and 1 equivalent 
of oxide of anunonium. Selenioua add liquefies on exposure to the 
air. 

The neutral salts of selenioua add, with potash, soda and ami» 
monia, have a very caustic taste, and react alkaline. They are 
extremely soluble in water. 

When aqueous selenious acid is neutralized by the alkalies, and the 
liquid is treated with alcohol, under certain dreumstances, an oily 
substance separates; thb, when kept for a long time, becomes 
crystalline. 

Sdenites of the alkalies are most difficult to prepare. They are 
remarkably deliquescent^ and liable to undergo decomposition, 
unless carefully dried over sulphuric acid. The neutral salts taste 
and react alkaline. They dissolve with a slight reddish colour, 
owing to a trace of reduced selenium; a remarkable circum- 
stance. 

Selenious acid is txtrcmely stable. When tlie crystals of the acid aie 
exposed to the air for weeks, although they liquefy, still I could not 
detect in them any selenic acid, lluw diireiuuL is the case with sul- 
phurous acid^ which cannot be exposed to the air for an hour without a 
portion being converted into sulphuric acid. Selenions acid, accord- 
ing to Berzelius, has a great tendt^acy to form acid salts, even in 
the relation of four of acid to one of base. I obtained a syrupy 
mass in one instance, ^\liu ]i, when analysed, agreed with the 
statement above. I could not, however, obtain any quadracid salt 
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ia 8 perfectly dry state. IVIy intention in tlie present paper is to 
embrace all diat is known respecting the selenites^ so that future 
investigators may have a jfull reference. 

I find, as did Beraelius, when an alkali is treated with selenious 
add, until the liquid reacts neither acid nor alkaline, that on 
evaporation, crystab of a bisalt are deposited ; a neutral salt remaining 
in solution. 

Rose has remarked, that hyposulphite of ammonia only partially 
precipitates selenium in the cold ; more is precipitated by boiling, 
and still more on the additbn of hydrochloric acid. In the cold, 
the decomposition takes place extremely slowly, if at all ; on boiling, 
however, bisulphide of selenium is deposited — a large quantity is 
piedpitated in the presence of hydrochloric acid : 

SeO. + 2 (Sa O2) = SeS^ + 2 SO3. 

Wlicn aqua Tpgia is added to the bisulphide of selenium, it is 

immediately decomposed. 

Boracic, phosplioric, and siilpiniric acids, expel selenious acid from 
its compounds at a high tem{)erature. I employed sulphuric acid for 
this purpose in analysing tlic salts. 

Hydrochloric acid has not the slightest effect, even when boiled 
with selenious acid ; seleuic acid, however, is reduced by it to the 
state of selenious acid : 

SeOa + HCl, = SeOj^ + HO + CL 

Many of the salts of selenious acid lose their acid when heated 1 
others part with only a portion, and some do not evolve any, as 
will be seen under the description of the various salts. 

SELENITES OF POTASH. 

The neutral selenite is obtained by saturating carbonate of potash 
with selenious acid, and evaporating quickly to dryness. I could 
not obtain the salt for a long time in a fit state for analysis, owing 
to there always being an excess of selenious acid. A definite salt is 
also extremely difficult to prepare, on account of traces of selenium 
separating. Selenite of potasli is remarkably soluble in water. It 
is almost insoluble in alcohol; but, strange to say, I could not 
precipitate it from its aqueous solution in a crystalline state by 
alcohol. An oily substance always appeared. It possesses a dis- 
agreeable taste, is very alkaline to test-paper, and deliquescent ; on 
which account, great care has to be exercised in weighing the salt. 

0*251 grms. salt gave : 

0-210 „ sulphate of potash = 

0-113 „ potash, 
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leading to the formula : 

KO, SeO,. 

Centesimally represented : 

Theory. 

1 eq. of sclcuious acid . 56 o3'85 

1 of potash ... 48 46*15 

104 100-00 

Biselcnite of potash gives satiny-looking crys^tals. It is obtained 
by decomposing carbonate of potasli with an excess of selenious acid, 
and allowing the solution to evaporate over sulphuric acidj or by pre- 
cipitating: the solution with alcohol, in which menstruum the bi- 
selinite is only slightly soluble. The difficulty attending the prepara- 
tion of this srilt is \Qvy great. Too much selenions acid must not 
be added to the carbonate of potash, or crystalhzation will never 
take place. When the liquid is made slightly acid, the crystals are 
not more than two days in forming. 

Alcohol nearly always precipitates an oily liquid from the slightly 
acid aqucouis solution, which speedily, however, becomes crj^stallinc. 
The crystals, dried for eight days over sulphuric acid, were 
analysed: 

0*891 grm. salt gave 

8*351 „ sulphate of potash, 

leading to the formula : 

KO, SeOa, + HO, SeOj 

Theory. Expetiment. 

2 eqs. of selenioufl acid • 112 66*272 

1 „ of potash . . 48 28*402 28*05 
1 of water . . 9 5*326 

169 100 000 

Biselenite of potasli is analogous to tlie bisulphite of the same 
base: 

KO, Sc03,+H0, SeO^ 
KO, SeO^+HO, SO^. 

On heating the biselenite in a dry test-tube, water first passes 
o£f, and is followed by selenious aeid. The whole mass then fuses to 
a red fluid, which ultimately becomes colourless, and on cooling, 
solidifies into a fine crystalline mass, soluble in water, and pre* 
cipitable by akohd* It is the neutral selenite of potash. 



Exp. 

45 02 
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A most disagreeable odour of horseradish is evolved as the liquid 
leddens. The quadriselenite of potassa described by Berzeiius — 

KO, 4 SeO^ or 

KO, Se02,+3 (HO, SeO^? 

18 not attainable in a fit state for analysis. This salt is styptk to 
the taste, and irhm heated, evolves most stifling fumes. It is in a 
high degree deliquescent. 

SBLENITES OF SODA. 

When carbonate of soda, saturated with selenious acid, is allowed 
to evaporate under a bell-jar, the syrupy mass becomes filled with 
radiated crystals ; which will be subsequently described. The liquid 
gives a neutral sidt on the addition of alcohol. This salt, not being 
dehquescent, is more easily obtained than the salt of potash. It 
was desiccated between folds of bibulous paper^ and then left over 
sulphuric add for some days : 

0*400 grms. of salt c:a\'c : 

0*320 „ sulphate of i>odu = 

0'142 soda, 

agreeing with the formula : 

NaO, SeO^. 

Theory. Experiment. 
1 eq. selenious acid . • 56 63*63 
1 „ soda. ... 32 36*37 35*50 

88 100*00 

The above corresponds with the formulae for dry carbonate and 
sulphite of soda : 

NaO, CO2 
NaO, SOji 
NaO, SeOj. 

Selenite of soda, heated in a test-tube, gives off a mere trace of 
water, the salt fuses, but does not suflcr decomposition, rroni the 
aqueous solution, I could not succeed in obtaining the neutral salt with 
water of crystallization. Biselenite of soda forms adcular crystals. 

0*2410 grms. of salt gave : 
0*0251 „ water. 

The annexed formula is deduced from the above : 

NaO, SeOa. + HO, SeOj + 2 aq. 
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Tl»cory. 


88 


51*46 


65 


3802 


18 


10{52 


171 


100*00 



Experiment. 



1 eq. of selenite of soda 

1 „ „ „ „ water . 

2 ec^s. water^ ... 18 10 {52 10*41 



The biselenite does not soffer decomposition except at a very 
hiicli tomperaturc. On a sand-bath it parts onli/ vnth its water of 
erystaliization. At a red heat, it fuses into a yellowish liquid, 
water passing off with selenious acid ( tb^ neu);r^ Mlt iremama as a 
fine iilvery-whitey ciyataUiae mast* 

QUADBISELENITB OF SODA. 

I dissolved biieleBite of soda in seleaioiiB amd^ and put aside the 
liquid to evaporate spontaneously. After soma dayt^ needle-like 
crystals separated, which were not very deliqUMmt. When dried 
over Bulpliuric acid and analysed i 

{(yS62 gm. salt gave : 
0*241 sulphate of Rod* ^ 
0-107 „ aoda. 
ro*804 gnn. salt gave : 
II. < 0 210 „ Bulpliate of soda = 
I^O'OdS „ soda. 

The preceding results agree elosdy with tlie foUowing lingular 
formula : 

NaO, SeOj, + 8 (HO SeO^) + aq. 

Experiment. 
I. IC 

4 eq. selenious acid . 
1 soda. 

4 „ water . . 36 12 33 12*41 11*56 





Thwiy. 


224 


76*712 


8g 


10*958 


36 


12-33 




100000 



Tills sLilt ilises readily into a yellowish-red liquid, evolving selenious 
acid 4u4 water^ wliilc selenite aQd tracer of selenate of sgda remain* 

SELENITES OP AMMONIA, 

These salts are extremely difficult to prepare. I could not obtain 
a selenite of ammonia from an aqueous solution in a fit state for 
analysis, 
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After a number of vain attempts, alcohol was resorted to. Seleniotn 
tM, dissolved in alcohol, and treated with ammoniacal gas, afforded 
magnificent shining crystals, which, however, were deliqaeseeiit. This 
salt is also obtained by dissolving selenious acid in strong aqueous 
ammonia, and precipitating by alcohol. ^Vhm a drop of strong 
ammonia is added to crystallized selenious acid, combination imme^ 
diately takes place, great heat is evolved, and particles of selenium 
sometimes separate. 

Sclcnite of ammonia is strongly alkaline to the taste, and smells 
tUghtly of ammioma^ It is very soluble in water — ^perfecdy insoluble 
in ether: 

O2505 grm. salt gave : 0*25050 
0*3100 „ platinum St 0*81000 
0*08141 „ oxide of ammonium, 0*08141 
agreemg with the formula : 

NH^O, SeOj. 



1 eq. seleiiiuuij i 



icul 



oxide of auimunium 





Theory. 


FcnncL 


56 


68-30 




26 


31 70 


32-49 


82 


10000 





Selenite of ammonia, heated in a dry test-tube, gives off, first water 
and ammonia, then water and nitrogen, while an acid salt condenses 
in the upper part of the tube; lastly, large quantities of selenium 
sublime. The decomposition is represented in its several stages by 
the annexed equation. 

5 (NH4O, SeOa) = 
HO, + 2 + 7 HO, + 2 N, +NH40-2 Se-O^, + 8 Se. 

Biselenite of ammonia does not deliquesce, it ia composed, ac- 
cording to Benselitis, as follows : — 

NH4O, 2 SeOj. 
Its formula is probably : 

NH4O,Se0a + H0,8eOa? 
Quadriseknite of ammonia is not crystallisable. 

SBLENITBS 07 BAETT4. 

Selenious acid produces no precipitate with solutions of baryta. 
By this reaction it is at once distinguished from sulp unions acid. 
When neutral selenite of potash is added to nitrate of baryta, 
decomposition takes place, sclcnite of baryta is deposited m iiue 
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sbining plumose crystals^ which are soluble in selenious, nitric, and 
hydrochloric acids. From tho acid solution, the baryta is imme- 
diately precipitated by sulphuric acid. 

0*308 grm. salt gave 

0 271 „ sulphate of baryta = 

0*177 „ ba^ta. 

Numbers agreeing Witli the formula : 

BaO, SeOg 

CentemmaUy represented : 

Theory. Berzelius. Experiment. 

1 equiv. selenious acid . 56 42*42 42*07 — 

1 „ barytes ... 76 57*58 57*93 67*46 

132 100*00 100 00 

Biselenite of baryta is obtained by expelling the carbonic acid from 
the carbonate of baryta with selenious acid, and allowing the liquid to 
evaporate spontaneously. It is with difficulty dissolved in water. 
Ammonia, when added to it, precipitates the neutral salt. At a 
high temperature, tlie biselenite erolra water and white fumes of 
seleniotts add* 

8BLENITE8 OF 8TB0NTIA. 

These salts are obtained in a similar manner to l&oae <^ baryta. 
Selenite of strontia is a white insoluble powder. It does not contain 
water. The following is its formula : 

SrO, SeOj. 

Biselenite of strontia does not cr\^stallizc. Its bcli.u iour, when 
heated, corresponds to the acid salt of baryta. It is slightly soluble 
in water. 

8BLENITE8 OF LIME. 

Carbonate of lime with selenious acid yields gritty crystals of 
selenite of hme. Berzelius has remarked the singular efifect of this 
salt upon glass. At a red heat the tube is somctimrs eaten through. 
A most remarkable characteristic of this and a few other of the salts 
of selenious acid. 

Formula— CaO^ SeO^ 

The selenite of lime dissolves in selenious add, giving a bisdemte, 
which is very persistent in tbe air. 
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SELENITES 01" MAGNESIA. 

When all the carboaic acid is expelled from carbonate of magnesia 
by selenious acid, there remuns a heavy neutral crystalline salt, 
which dissolves in boiling water, and crystallizes from it in rhombic 
prisms. Selenitc of matrncsia, heated over the lamp, gives oif only 
its water of en staliization. It fuses at a red heat in a glass tube, 
corroding and passing through it like the selenite of hme. 

0*209 grm. of salt, strongly heated, gave : 
0056 »» >9 water. 

Pormula— ^IgO, SeO^ + 3 aq. 

Theory. £xp«runeat. 
1 eq« Selenious acid . . 56 5 1*36 
1 „ Magnesia . . 20 19 A2 — 

3 „ Water . . . . 27 5J6-22 26 79 

103 iUOOO 

This salt is isomorphons with the sulphite and carbonate of 
the same hase : 

MgO^ SeOs + a aq. 
MgO, SOj + 3 aq. 
MgO, CO2 + 3 aq. 

Selenite of magnesia dissolves in selenious acid, yielding a biselenite, 
precipitablc iu an unctuous state by alcoiiul. It is extremely 
deliquescent. 

8BLBNIT£8 OV ALVUINA. 

Alum is not precipitated by selenious acid. A selenitc of an 
alkali, however, precipitates a selenitc of alumina. Great care must 
be taken that tlir. precijDitant is neutral. Selenite of alumina is 
amorphous. When heated it gives off water, and lastly, all its 
acid. 

01 97 grm. of dry salt gave: 
01 50 „ selenious acid, and 
0 046 „ alumina. 

8 eqs. Selenious acid . • . 168 76 30 761 1 
1 „ Alumma .... 52 23*64 23-36 
Loss — — '50 



220 iOOOO 10000 
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I also determined the water in the salt dried over sulphuric acid. 

0'112 jgrm. of salt gave : 
0 012 „ water. 

Centesimally represented: 

Theory. Experimeut, 

• 3 eqs. Selenious acid ... 168 68 01 — 
1 „ Alumina • • « . 52 211 7 — 
8 „ Water. .... 17 1082 10-71 

247 lOOUO 

Formula— AJs 3 SeO^, + 3 aq. 

The composition of the selenite of alumina is greatly different 
from the sulphite^ as represented by the formula : 

AI2 O3, SO2 + 4 aq. 

Biselcnite of alumina is obtained when the above salt is dissolved 
in sc'ltnious acid. It is transparent and g^nmmy to the feel. 
According to Berzelius, it contanis six equivalents of acid. 

AJ^ O3, 6 ScOq 

In all probabiUty its composition is the following : 

AL, Os, 3 SeOf, + 3 (HO SeO^? 

SSLENITE8 OF GLVCINA. 

This selenite is, in every way, analogous to that of alumina , the 
biselenite is extremely soluble, and does not crystallize. 

8BLENITB OF CHEOMIVM. 

This Salt is obtained by dccomposmg the chloride of chromium by 
selenite of ammonia. It is a fine green amorphous powder. 

0*3006 grm. salt gave : 
0*0980 „ oxide of chromium. 

Formula— Cr^ 0^ 3 SeO^ 

Theory. Experimeut. 

3 eqs. Selenions acid . . . 168 67*74 — 

1 „ Oxide of chromium ... 80 32*20 32 60 

248 10000 

Selenite of chromium dissolvea in selenions acid^ giving on evapora- 
tion a green varnish. 
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SELEXITES OF IRON. 

Metallic iron is not dissolved by selenious acid. Selenium is 
deposited on its surface in red fiakea. Selenite of iron precipitates as 
n ^\ hite powder from a mixture of an alkaline selenite and sulphate 
of iron. It becomes darker on exposure to the air, and after some 
time partakes of a yellow colour, owing to the formation of some 
aeaqnioxide. When the white preeipitate is dissolved in hydrochloric 
acid, a portion of selenium sepatetes, and sesquichlomle of iron ivith 
seLenious acid remain in solution. 

4 (FeO, SeOJ + 6 HCl = 
Se, + 2 (Fca CI3,) + 6 HO, H- 3 SeOj. 

Biaelenite of iron is formed by dissolving the selenite in selenious 
add. When the liquid is boUed, a brown powder sqpantcs^ con- 
taining selenite of the sesquioxide of iron with selenium. 

Selenite of the scsquioxide of iron faUs as a white powder when 
selenite of ammonia is added to sesquichloride of iron. It is yeUowish 
when dry, and loses water, in the heat, becoming darker,- and as 
the temperature augments, aU its acid Tolatilii^s* 

(VlOlS grm. salt gave : 
0*0720 „ selenious acid and water, 
which agrees sufficiently with the formula : 

Fet03,3 SeOa + 4aq. 
Calculated on 100 parts : 

1 eq. Scsquioxide of iron . . 80 28-16 — 

3 „ Selenious add . . . 168 59*16/ -^.q. 

4 „ Water • • . . 86 l»-69l ^^^^ 

284 10000 

According to Berzelius, the bisalt is formed when iron is dissolved 
in a hot mixture of nitric and selenious acids. The salt is deposited, 
on coolmg, m green plates, which contain water of crystallization. 
They are not soluble in water, but dissolve readily in hydrochloric 
acid, imparting a yellowish colour : 

The formula for the salt, is : 

Fca O3, 8 SeO^ + 3 (HO SCO2) ? 

A basic salt is obtained when either of the two preceding salts is 
digested in ammonia, the formula for which is: 

2 Fe^ O3, 3 SeOa. 
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8BLENITE8 OF MANGANESE. 

I dissolved carbonate of manganese in selenions add, and obtained 
a white gritty powder, which readily fused to a dark liquid in a glass 
tube, corroding it more even than the magnesia-salt. Selenions 
acid sublimed, and sesquioxide of manganese, with some selenium, 

remained : 

0'200 grm. salt fused witli nitrate of potash, gave 
0*250 grm. sclcnate of baryta — 
O'lOO grm. selenious acid. 
The formula is therefore 

MnO, SeOs + 2 aq. 

Bepresented in 100 parts. 

Theory. Experiment. 

1 eq. selenions acid ... 56 50*90 50*00 

1 oxide of manganese . 36 32*73 — 

2 „ water 18 16-37 — 



no 100 00 — 

This salt agrees in composition with the carbonate and sulphite of 
manganese : 

MnO, SeO^ + 2 aq. 

MnO, C0.2 + 2 aq. 

MnO, SO2 + 2 aq. 
Selenite of manganese is insoluble in water, it forms a colourless 
solution in cold, and a pink solution in hot, hydrochloric add. 
With selenions acid, it yields a soluble biselenite. 

SBLENITES OF NICKEL. 

The neutral salt falls as a greenish powder when selenite of potassa 
is added to sulphate of nickd. In its dry state the salt is white. 
Dried over sulphuric acid : 

0*207 grm. salt gave : 
0*019 „ water. 

Numbers correspondmg to the formula : 

NiO, SeOfl + aq. 

Calculated on 100 parts. 

Theory. Experiment. 

1 eq. selenions acid ... 56 54*36 — 

1 „ oxide of nickel . . 38 36*89 — 

1 „ water 9 8-76 917 

103 100 00 
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Selenite of nickel diaiolra in aelenions add witii a gveenisli colour. 
The liquid^ on eTaporatiou, yields a gummy acid salt. 

8BLBNITK8 OF COBALT. 

The neutral salt procured by double decomposition is an insoluble 
rose-coloured powder. In all probability its coiuposition tiiiuilar to 
the nickel compound. Carbonate of cobalt dissolves in sclenious 
acid with a fine pink colour. The liquid, on evaporation, yields a 
inairnificcnt transparent violet-colourcd gum — an acid salt. Tins 
rchiiious substance, when lieatcd on a sand-bath, gives ofif selenious 
acid, which condenses on the sides of the vessel in beautiful wiiite 
needles. 

8ELENITES OF ZINC, 

Selenious acid does not precipitate salts of zinc; in combination 
with an alkali, however, it gives, when added to sulphate of zinc, 
white crystalline grains of seienitc of zinc. When this salt is heated, 
it e\olvcs water, but as the temperature augments, the salt fuses to a 
yellow liquid, which, on cooling, presents a fine crystalline striated 
appearance. At a white heat the mass gives off selenioas acid, leaving 
a basic salt : 

0'0o22 grm. salt gave ; 

00087 „ water. 
From which the following formula is deduced : 

ZnO, SeOs + d aq. 
Bepresented in 100 parts : 

Theoty. Expoioettl. 

1 eq. sclcnious acid ... 56 11)12 — 
1 oxide of zinc ... 40 35 08 — 



99 



water 18 15'80 IGtiG 



114 10000 

This salt corresponds to the sulphite of zinc : 

ZnO, SeOg + 2 aq. 

ZnO, SO3 H- 2 aq. 
Selenite of zinc diflsolTCB in aelenbuB acid^ yielding an nneryataUi- 
nUe biaelenite. 

SELENITES OF CADMIUM, 

Selenious acid does not precipitate salts of cadmium. Selenite of 
ammonia gives, with chloride of cadmium, a white argillaceous looking 

TOL. n.— HO, V, F 
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precipitate. This becomes orange on exposure to the air. Menite 
of cadmium contaiiu no water. It ia aolaUa m aeUnbaa aeid. 
When heated in a test-tube^ it ^vea a aablimate of a yeQowiah-ied 
colour. 

SELENITES OF COPPEE. 

When biseleuite of ammonia is added to a hot solution of sulphite 
of copper, a dirty greenish-yeUow precipitate falls, which after somt 
time beoomes a fine bluish-green eryttdline ialt. Thii eompoun^t 
dried iolphuric wid, acquirea a beautiful bright him wAfm* 

■0-5260 grm. salt gave 
J J 0-2133 „ oxide of copper. 
^' ^ 0 0526 salt gave 
0*0018 „ water^ 



aiid 



jj r 0*0534 grm. salt gave 
^' \ 0 0017 „ water. 

The above lesulta agree very closely with the formola : 

3 (CuO, SeOj) + aq. 

Centesimall} represented: 

Theoiy* Bxpsrimsat. 

I. If. 

8 eq. selenioua add • . • 168 56*56 — — 
8 „ oxide of copper . * 120 10*40 40*55 -~ 
I „ water 9 3*04 3-42 318 



297 10000 

This liU does not dissolve in aqueous sdeuious add. At a high tem- 
perature it first beeomes brown^ laatly blacky parting with all its acid. 
A green basic sdenite of copper is formed when selenite of ammonia 
is added to sulphate of copper. It is insoluble in water» but dis- 
solves in ammonia. Freshly precipitated suboxide of copper combines 
with sdenious add^ producing a whitish salt. The formula for which is : 

Cujj 0, SeOg + aq.? 

SBLENITBS OF LBjlD. 

Selenious arid gives a white curdy precipitate with acetate of lead, 
which is sligiitiy soliible m water. The precipitate contains no water. 
It is with difficulty decomposed by sulphuric add. When heated 
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veiy rtrongly, it loieB into a yellowish fluid, selenious acid sublimes, 
ftnd a basic salt remains. The formula for this salt is : 

PbO, SeOj. 

SELENITE OP SILVER. 

BeraeliuB analysed the selenite of silver. It is thro?m down in the 
lorm of a white powder on the addition of aqueous selenious acid to 
nitrate of silver ; it is fusible, and at a red heat loses its acid and 
all its oxygen, leaving metallic silver. When perfectly dry, it is not 
hkckened on exposure to light. It is slightly dissolved by cold, 
more by boiling water, is easily soluble in hot mtnc ;icid, fruui 
which it crystallizes in needles. The bait obtained |jerfectly pure 
in this way. The formula for the salt is : 

AgO, SeOy 

SBLENITES OF ME&CURY. 

Hie selenite of the saboxide of mercury is obtained by adding 
sdenioiu add to a solution of subnitrate of mercury | also by double 
decomposition. It is a white powder, insoluble in water. Heated in 
a tube, it blackens, water is liberated, and a yellow powder sublimea. 
When the latter is heated, it fuses into beautHul red globules, which 
become of an orange colour on cooling ; in fact a series of camdeon- 
)i](e dianges occur with thk salt. As the tube gradually cools, 
splendent golden yellow crystals become visible. Caustic potasb 
takes the selenious acid from the selenite. It dissolves in hydro* 
chloric acid, giving chloride of mercury, water, selenious add, and 
selenium. 

2 (Hg2 0, SeOg) + 4 HCl = 

4 (Hg 01) + 4 HO + SeOa -f Se. 

Selenite of the protoxide of mercury is a white insoluble powder. 
The bisalt, according to Berzelius, is obtained by digesting the oxide 
of mercury for a long time in selenious add. On filtering and eva- 
porating the filtrate, prismatic crystals are deposited, containing a 
large quantity of water. 

The sslt £asfi» easily in its water of crystallisation ; as the beat 
ui increased, the selenite sublimes unchanged. Sulpbfirous add pred- 
pitates iroxn the selenite a mixture of sulphate of mercury «ad 
selenium : 

2(HgO,2SeO^ + 9SO3- 
Hgg 0, SO3 + 8 SO3 + Se. 
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SELENITE OF LITHIA. 

This salt is obtained by double deGomposition. It is deliquesoeiit. 
When heated, it fuses to a yellow liquid, and on cooling solidifies into 
an opaque crystalline mass, resembling mother-of-pearl. Sdenite of 
lithia is soluble in selenious acid. 

8ELBNITE OP TTTKU. 

Berzelius obtained the above as a white argillaceous precipitate, 
which was insoluble in selenious acid. When dry, it is a white 
amorphous powder, which at first gives off water when heated, and 
then acid. 

SELENITES OF CERIUM. 

Selenite of the protoxide of cerium is a white powder^ insoluble in 
water. A biselenite of the same oxide is obtained by dissolving the 
former in selenious acid. Selenite of the sesquioxide of cerium is a 
citron-yellow powder, easily parting with its add. The bisdenite is 
obtained by dissolvii^ the above in selenious acid. When evapo- 
rated on a water-bath, it leaves a ydlow gummy mass, which, when 
heated, loses water, and becomes opaque and crystalline. It is 
soluble in water. 

SEl^ENITES OF ZIKCONIA. 

The neutral salt is a white insoluble powder, obtained by double 
decomposition. It loses its acid when heated, and is soluble in selenious 
acid, yielding an add salt. 

8£L£NIT£S OF DBANIUM, 

Sdenite of uranium is a citron-ydlow powder that gives off add 
when strongly heated, leaving a hwet oxide; the bisalt yields, on 
evi^ration, an opaque gum, behaving like the selenite of the sesqui- 
oxide of cerium. The formula for this salt is : 

Uj O3, 3 SeOg. 

SELENITE Of TIN. 

This salt is a white insoluble powder. It is soluble in hydrochloric 
add, from which solution it is repredpitated by water. Heated, it 
evolves first water, selenious add then sublimes, and pure oxide of 
tin remains. The formula for the dry salt is : 

SnOg, 2 SeOa 



Digitized by Google 



ON THS SALTS OF SELENIOUS ACID. 



69 



I have now described the various compounds of this interest- 
ing acid. The difficulty of preparing the salts can only be known 
to the experimenter. Spontaneous evaporation, or double decom- 
position is the best way to obtain the desired end. Alcohol can 
seldom be employed as a precipitant, for it generally separates an 
oily liquid, becomes crystalline only in rare instances. The 

determination of selcnious acid is very ditiicult ; fusion with nitrate 
of potash is the first step to convei-t the selcnious into selenic acid, 
which latter can then be precipitated by nitrate of baryta; selenate of 
baryta must not be burned in the filter, as reduction readily takes 
place. To prevent loss, when the selenate of baryta is perfectly dry, 
it should be scraped from the filter into a weighed crucible, and the 
filter burned over it. The selenites seldom correspond witli the 
sulphites or carbonates; where such is the case the analogy h is been 
noticed. The great stability of selenious acid has been previously 
discussed. Its salts, when not deliquescent, are most persistent. 

I shall dose this memoir with a table of all the salts of selenious 
acid. 



Selenite of potash 

Biselenite of potash 
Quadriselenite of potash 
Selenite of soda 
Biselenite of soda 
Quadi i.selenitc of soda 
Selenite of ammonia 
Biselenite of ammonia 
Selenite of baryta . 

strontia 
lime 



99 



99 



3> 



Biselenite of lime 
Selenite of magnesia 
„ „ alumina . 
Biselenite of alumina 
Selemte of gluciua . 

chromium 



99 



99 



iron 



yy f) 

Biselenite of iron 



Selenite of the sesquioxide of iron 
Sesquiselenite of the sesqnioxidc of ir 
Biselenite of the sesquioxide of iroa 
Selenite of manganese 



on 



KO, SeOg 

KO, Se02 + 110, SeO. 
KO, SeO+23(UO, SeOj)? 
NaO, SeOg 

NaO, SeO.^ + HO, SeOo + 2 aq. 
NaO, SeO, + 3(U0, SeO^) + aq. 
NII^ 0, ScO. 

NII.O, SeOa + HO, SeOJ 

BaO, SeOrt 
SrO, SeOa 
CaO, SeO^ 

CaO, SeOj + HO, SeO J 
MgO, SeOg + 3 aq. 
AI2 O3, 3 SeOo + 3 aq. 
Al.,03,3SeO., + 3(Il(),SeOa)? 
Gl^ O3, 3 Seda H- 3 aq. ? 
Cr.> O3, 3 SOcj, 
FeO, SeOa 

FeO, ScOo-hHO, SeOg? 
Yc, O3, 3 SeOo + 4 aq. 
2 Fe, O3, 3 Sebg 
Ta^ 63, 3 SeOg + 3 (HO, SeO,)? 
MnO,S^O+ 2aq. 
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Selenite of nickel • • , • NiO^ SeOg + aq. 

„ „ cobalt .... CoO, SeOj + aq. ? 

„ ^4 zinc .... ZnO; SeO^ + 2 aq. 

„ cadmium. » • • CdO, ScO^ 

„ „ copper . . • * • 3 (CuO, SeOg) + aq. 

,g ^ the suboxide of copper . Cu^O^ SeO^ + aq. f 
lead ... , PbO, SeOj 
ailvcT .... AgO, SeOj 

M ,i the suboxide of mercuiy • Ug, 

„ „ the oxide of m^ury . HgO, SeOg 
fiiaelenite of the oxide of mercury . HgO, SeOs+ HO, SeO, t 
Selenite of lithia .... LiO, SeO^ 

„ „ yttria . » . . YO, SeO, 

M ,9 the oxide of cerium . . CeO, SeO, ? 
Biseknite of the oxide of cerium. . CeO, SeO^+ HO, SeO^ ? 
Sdenite of the sesquioxide of cerium. Ce^ O3, 3 SeOj^ ? 
Biseknite of the sesquioxide of cerium. Ccg O3, 3 SeO^ + 3 (HO, SeO^)? 
Sdenite of zixconia . , , Zr^ O3, 3 SeOg 
uranium . . . U2 O3, 3 SeOg 
tm ... I SnOg, SSeO, 

All the preceding salts, heated on charcoal before the blow-pipe, 
impart a magniticciit blue colour to the flame, emitting the mmus- 
takcable and offensive smell of foul horse-radish. Tliat many of 
them were obtained in definite crystals, is due in a measure to the 
extreme coldness of the weather. It is valuable, and interesting, to 
ascertain the composition of the salts of some of those acids, having 
ous for their termination. I purpose shortly communicating to the 
Society a paper on the Tellurites. 



VI.— some newly discovered Substances from the African Guano 
Deposits. By Thornton J. Herapath, Esq. 

Some time in the latter part of the year 1845, a paper was read 
before this Society, by Mr. E. F. Teschemacher,* in which the 
author gives an account of the results of his analyses, including a variety 
of substances which had been found in the guano deposits and in their 
vicinity. Besides those there described, howev^, Ihave lately had the 
opportunity of examining another, which that gentleman does not apw 
pear to have taken any notice of. This substance, which was found 

♦ Mm. Cliem. Soc. vol. 111, pari 1$, p. 13, 
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c€i6iifriiig in large crystaBine numes or nodules in a cargo of guano 
firom the island of Icliaboe» on the western coast of AMca> was sent 
to ray father's laboratory for examination^ by Mr. Boston^ of Swansea, 
in January, 1846, some of tlie parties to whom he had suppHed the 
guano having complained to him of the presence of the crystsls^ 
imagining them to be an adulteration. These crystals^ when purified 
from the adherent guano, were found to be perfectly transparent and 
homogeneous, hut stained of a light yellowish-brown colour by the 
humic acid and extractive matters of the guano. They were ex-* 
ceedingly frangible^ and did not effloresce upon exposure to the airi 
they dissolTcd easily both in hot and cold water, and the solutions 
gave^ with the soluble salts of silver, a bright yellow precipitate, 
which was almost entirely soluble in an excess of nitric acid. When 
boiled with a solation of potassa^ pungent fumes of ammonia were 
given off, which gave a fugitive stain to moistened turmeric paper. 
Before the blow-pipe, they inturaesced, turned black, and gave off 
water and aminoniii; by a further application of heat, the carbo- 
naceous uiatter.i were burnt off, and the residue fused into a transparent 
colourless glass, which dissolved readily in boiling water, privniL' a 
solution which yielded u ^liiuulur precipitate when tested witix aiiLi- 
uiouiate of potash. 

The specific gravity of these crystals, as determined by means of 
oil of turpentine, was about 1'6151. An attempt was made to 
ascertain the primary form of the crystal, but it was i'uaud impossible 
to do so Irt iii the roujrli irregular masses met with in the guano. 
By dissolving these, however, in boihng water, and filtering the 
solution and crystallizing, the salt was obtained in moderately large, 
colourless, prismatic crystals. Upon subjecting these to analysis, the 
following results were obtained : 

I. 10 frrains of the salt, when heated to redness, lost 5' 103 grs. of 
water and ;imraonia. 

II. 10 i^raius, when treated as before, lost 5'243 ^rs. in weight. 

III. 5 grams, when burnt with potash and lime by Varrentrapp 
and Willis process, gave 1*890 grs. of ammomo-chloride of platinum 
= 0*377 grs. of ammonia. 

IV. 5 grains, treated as before, gave 5 073 grs. of ammonio- 
chloride of platinum = 0*391 grs. of ammonia. 

V. 10 grains, when dissolved in water, and the solution precipi- 
tated by neutral acetate of lead, gave 20*331 grs. of phosphate of 
lead, which, when decomposed by sulphuric acid, gave 2^*938 grs. 
of sulphate of lead. 
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VI. 10 grains^ treated as before, gave 19*549 gra* of phospbate, 
and 21*867 gra. of sulphate, of lead. 

VII. 10 grains gave 3*002 grs. of chloride of sodium. 

VIII. 10 grains gave 2*905 grs. of chloride of sodium. 

These numbers give the following per*centage composition : 

I. II. lu. IV. V. Ti. vn. Till. Mctii. 
PI J .. 84*291 34*360 .. .. 34*325 

Ni J ' " 1 16 010 16*494 15*752 

NH, 1 [7 540 7*820 7*680 

Ul 030 52-320 •{ 

H J [ 42-243 

which very closely coiTesponds with that of the ammouio-phosphate 
of soda, or microcosmic salt^ the formula for which is 

Na,NH3,Ph+10H, 
or according to Graham, 

Na 0, NH4 O, PO,, H0+8H0. 

The original crystals contained the following eonstituents in 100 
parts as : 



Crystallized ammonio-phosphate of soda 


. 91-660 


Organic matters, (urates, humates, &c,) 


. 1-956 


Phosphate of potash . . • . 


evident traces. 


Chloride of sodium 


. 0*521 


Carbonate of lime . • • . • 


. 0-280 


Carbonate of magnesia .... 


traces. 


Phosphate ot iinie . • . • . 


. 2*100 


Silica, sand, &c. • « • • . 


. 2151 


Water and loss 


. 1*332 




100000 



With regard to the manner of the formation of this salt, it is 
extremely difficult to com])rchend how such a compound as the 
amnioni(3-phosphate of sod;i ( oiild be produced by the decomposition 
of a substance so remarkably dcticicnt iu the alkalies as guano. For 
unless we can conceive that there was in this case a peculiar and 
special source of the soda, we must of necessity admit that it was 
obtained from the decomposition of the chloride of sodmm of the sea- 
water by the phosphate of ammonia of the guano. The resulting 
rhloridc of ammonium being either volatilized at the high tempe- 
rature of those climates, or, from its extreme solubiUty, dissolved out 
by the rain-water and carried into the sea or the lower strata of the 
guano deposits. We well know that chloride of sodium is capable 
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of hong decomposed hy phosphate of ammonia at a high tempe- 
rature. May not this deocnnpoaition^ therefore, also take pkce when 
the salts are in solution 7 I think it Tery probahle. 

This being the first instance in which the ammonlo-phosphate of 
ioda.haa he^ met with as a natural production^ I propose to class it 
amongst our minerals under the name of " SUreoriie*'^ I should 
have preferred to have given it that of Guanite, as heing more indi« 
cative of its origin, but this has been already applied by Mr. Tesche- 
macher to the ammonio-magnesian phosphate, another product of the 
decomposition of guano. 

I have also examined another salt which was met with in the 
same cargo of guano as the preceding, to which it bore a very 
cloee resemblance, both in physical and chemical properties. Like 
it, it was frangible, crystaJline, and readily soluble in water, and 
gave off ammoniacal fumea when heated to redness or when treated 
with caustic potash ; it also gave a yellow precipitate with nitrate 
of silver; but it differed from it in efHorescing upon exposure to 
the air, and in not giving a precipitate with antimoniate of potash. 

The primary form of the crystal, as nearly as could be determined 
from the few imperfect specimens in my possession^ was an oblique 
rhomboidal prism, with a dihedral summit. Upon redissolviiig these 
in water and recrystallizing by spontaneous evaporation, lonp: acicular 
crystals were obtained, wliicb, wlien dried between })ieees of bibulous 
paper and subjected to analysis, afforded tkc foUowinj^ results : 

I. 2" 131 grains of the crystals, when heated to redness, lost 
1 031 gi s. in weight of water and ammonia. 

II. 1 940 gi'ains gave G 039 grs, of ammonio-chloride of platinum 
= 0*465 grs. of ammonia. 

III. 3*500 grains gave 10 539 gi's. of j)hosphate of lead, which 
gave 11*786 gi s. of sulphate of lead =1*854 grs, of phosphoric acid. 

Or, on 100 parts : 

I. II. III. 

Water . . / — — 23 058 

Ammonia . t 23-980 — 23 980 

Phosphoric acid — — 52*962 52*962 

numbers which are very nearly equivalent to 1 atom of anunonia, 
1 atom of phosphoric acid, and li atoms of water. It may therefore 
be considered as the neutral phosphate of ammonia. The excess of 
water was doubtlessly caused by the moisture which remaiiK d 
between the interstices of the crystals. It was therefore the same 

* Jvm the Jiattii, " 5lf«reor»/' to dung or maimn land. 
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silt a6 that which had boeii previously fxamined by Mr. Teschi* 
m&cherj but which he wm prevented from analyiing qiuuititfttiTtly 
on account of the smallness of the quantity in his poaaeaaion. 

In concluaion, I should perhaps obaerve that the goaao from 
Irhieh the above substances were obtained was exoeedmgly moist, and 
possessed a very strong atnmoniacal smell. 



VII. — AiuUyiiB of Thames Water. By John M. A«Bx»vir^ Esa. 

When we reflect upon the almost eonntlesB uses to which the 
water of the River Thames la applied^ it creates soma surprise that 
no accurate analysis of its waters should have appeared until the 
ocnnmeneement of last year> 

As no very certain knowledge of the composition of Thames 
Water can be obtained by any other means than through tha 
medium of a series of analyses of water taken at different placesj it 
is the intention of Dr. Hofmann to have theae analyaes conducted in 
the laboratoriea of the Royal GoUege of Chemistry^ the present 
analysis forming the second investigation of the series. 

The water analysed • by Mr* Clark was obtained itom 
Twickenham; that which I have used was taken &om London 
Bridge, on the 13th of October^ 1848, about half an hour after 
high water. It was a spring tide, and the water waa unusually muddy. 
The hour of the day waa three o^okx^^ v.M. ^« Mowing data 
were observed: 

Temperature of the water . . . 13° C = 55-4 F. 
Temperature of the air . . . . 16° C = 59 0 P. 
Specdfic gravity of the water. • • . I'OOOl, 

The qualitative analysis pomted out the presence of potash^ soda^ 
lime^ magnesia, alumina, chlorine, sulphuric acid, ailide acid, and 

organic matter. 

A very small amount of phosphoric acid waa detected, but it was 
in too minute quantity for estimation. 

After the evaporation of large amuimts of water, neither bromine, 
iodine, nor manganese could be detected. 

The following experimeulal uumbers were obtained by quantitative 
determinations. 

A. Determination of total amount of fixed constituents : 

* Mr. Clark on Tlutmei wtfter, Qimterly Jonxnal «( tiie Gb«mial Socieiyi toL L 
p. 15^. 



Digitized by Google 



ON THB ANALYSIS OV THAKIS WATBB. 



76 



Amount of water employed. 
I. 450-679 griu. 



U. 564-6610 



Ammmt obtained. 

U 1859 grm. 
0-^283 



99 



Per-centage. 
0041218 
0 010438 

Mean 0 040843 



B, Determination of chlorine : 
ASuMnt of water ttiipl<^ed. 

T. 674-53 grm, 
11. 419-66 „ 



Amount of chloride 
of sodium obtained* 

01 737 grm. 
0 1095 „ 



Per-centage 

of rlilorine. 

0(K)()353 

000G478 



C. Determination of sulphuric acid : 

AmOBni of water employed. Amount of sulphate 

of baryta o])taincd. 

L 609-96 grm. 0 0512 grm. 



II. 703-181 



99 



0 0502 



99 



Per-centage of 
sulphuric acid. 
0002883 
0-002452 



D. Determinatioli of silicic add : 
Amoimi of water employed. 

1. 12B0-9110 grm. 
II. 1300- 15G0 „ 



Amount of silicic 
acid obtuincd. 

0 0227 grm. 
00232 



99 



Mean 0-002667 



Per-centage of 
jiilicic acid. 

0000177 
0000178 



B» Determmation of lime and magnesia : 

Amount of irater employed. Amount of carbonate 

of lime obtained. 

a. I. 1280-9110 grm. 0 2651 grm. 

II. 13001560 „ 0-2657 



Mean 0-000177 



Per-ccntage 
of Lime. 

0011589 

0-011414 



Mem 0*011616 

b. Determmation of magnesia in filtrate from oxalate of lime : 
AauHwi flf water employed. 



I. 1280 9110 grm. 
11. 13001560 



99 



Amount of pyro-phosphate 
of magnesia obtained. 

0 0527 grm. 
0-0494 



99 



Per-centage 

of magnesia. 

0-000142 
0-000140 



F, Determination of alkalies 
Amount of water employed. 

1. 2099-889 grm. 
II. 2071-420 „ 



Mean 0 000140 

Amount of mixed chlorides obtained. 
0-3074 
0-2936 



Digitized by Google 



re 



MB. SOm M. A8BLBT 



a. Determination of potash : 

Anunmt d wata employed* Per-ceutage of platinum 

and potaanum obtained* 

I. 2099-889 grm. O 1 grm, 

II. 20n-4JiOO « 0-2040 



Per-eentage of 
potaih. 

0 000228 
0000189 



b. Determination of soda. 
Amount of mter emplojed. 

I. 2099-889 grm. 
II. 2071-4200 „ 



Amount of chloride of 

sodiutn otitained. 

0-2313 grm. 
0-2304 



Mem 0-000208 

Fer-centage of 

soda. 

0005881 
0005918 



Mean 005899. 

15309 grms. of the water were evaporated down to 801 '47 grms. 
The precipitate which formed was separated^ and weighed 3*1115 
grms. 

Determination of organic matter in the filtrate : 



Aniomit of filtrate employed. 

1. 132^980 grm. 
II. 136*2000 



Amount of oiganie Per-centage upon the 
matter burnt off. whole amonnt of water. 



0-0956 grm« 
0*0759 



0-003763 
0002917 



Mean 0 006656 
Determination of organic matter in the precipitate : 

Amount o( predpitate Amonnt of organic Percentage upon the 

employed. water burnt off. whole amonnt of water. 

I. 19350grm. 0-6407 grm. 0-006734i 

11.0*4610 „ 0*1471 « 0*006479 



0 003340 

Determination of carbonic acid : 

At the time of collecting the watcr^ a syphon capable of containing 
534 cubic centimetres of distilled water was filled twelve times, and 
discharged into four bottles containing chloride of calcium and 
ammonia. The precipitate which had formed in all the bottles 
weighed 3*6067 grms* 



Amonnt of pred^tate 

employeu. 

I. 0-1226 grm. 
II. 0-5144 



99 



Amount of carbonic 
acid evolved. 

0-1200 grm. 
0-1560 „ 



Amount calculated on 
the whole precipitate, 

0-535662 ' 

0-5^1738 



Per-centage in the water 0*016495 



Mean 0-5^700 



Digitized by Google 



ON iU£ ANALYSIS OP THAMES WATER. 



77 



Prom the analytical results^ tlie following eompoaition of tlie water 
is deduced : 





In 100 litres. 


In ft gallon. 




(GraaunM.) 


(Gnooi*) 


Sulphate of notaah . . 


. . . '885 


*2695 




. . . 4'436 


3*1052 






2*3723 


Chloride of magnesium . 


. . . -114 


*0798 


Chloride of caleiiim'l' . 


. . . 9*963 


6*9741 






8*1166 




. . . -177 


•1239 


Phosphoric acid. . . . 




traces 


Alumina 




traces 


Insoluble organic matter • 




4*6592 


Soluble organic matter . 


. . . 3*340 


2*3380 




40055 


28 0385 


Direct determination of fixed eonstituents 40*843 


28*5901 



Having deducted from the total amount of carbonic acid, the 
amount required to combine with the lime, the amount of free 
carbonic acid is 0 005105 grm., corresponding to 27*1906 cubic 
centimetres in a litre, or to 8*8076 cubic inches in an imperial 
gallon. The greatest difference between Mr. Clark's analysis and 
my own, consists in the variation in the amounts of soluble salts ; 
the soluble salts found by Mr. Clark amount to only 6*3118, while I 
obtain as much as 18*287* A proportionate difference exists in the 
relative amounts of organic matter. 

My best thanks are due to Professor Hofmann for the many 
attentions and kindness that I haTe received £rom him during the 
aboTe iuTistigation* 

* On the principle of combining the strongest bases with the strongest acids, in this 
analysis as wdl ta in that of Mr. Clark, chbride of calcium is enumerated along with 
tidpliste of loda, although we may aaamne, that the oonstituentt of these two salts are 
aetnally in solation in the form of sulphate of lime and chloride of sodiom. 
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February 5, 1849. 

Tho3. Graliani, Esq., Vice-President, the Chair. 

A specimen of a pho^hatic earth from the in » t n sand formation of the 
floutb of Englaad, was piestnted by Mr. J. T. Herapath to the Boeietj's 

Musenm. 

This siib';ta!irp is now often substituted for bone-earth in tbe prepaivtioii 

of superphospliate (^iMimo for agricultural purposes. 
It contains, accorduig to Mr. Herapath's analysis : 



Organic matter ..... traces. 

Silica, with some silicate of alumina and ) 13«240 

silicate of iron J 

Alkaline salt traces. 

Carbonate of lime 28*400 

„ magnesia .... traces. 

Sulphate of lime 0736 

Hiosphateoflime (tribasic) . . 21880 

magnesia .... traces. 

Perpbospbate of iron .... 24*760 

Fbospbi^ of alumma «... 7'032 

Fluoride of CBldum traces. 

Water 3-400 

Lost 0*552 



100 000 

The following paper was read : 

VIII, — Analyses of the mineral constituents of the FkuepkaU, and 
nf the soils on which the plants had been ffrown. 
By J. £. Matbe and J« S. Bbasibb^ EsQBa. 

The daily increasing extent to which flax is cultivated by tlic 
farmer, necessarily directed the attention of chemists to the analysis 
of ihis plant, tsoou alter the importance of tlic nuneral constituents, 
strangely neglected for a consideiable period, had been generally 
acknowledged by the scientific agriculturist. 

We owe to Sir Robert Kane two excellent papers, containing the 
analyses both of the ashes of different specimens of Hax, aiid ol the 
soils on which they had been ctdtivated.* These specimens had been 
grown principally in Belgium and Holland, where the greatest care 
is taken in preparing and manuring the land. The analyses which 
we intend to communicate in the following pages, were made with 

* Philosophical Magazine, vol. xxxi. p. 43. 
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diffennt i^ecimeiu of Bussiaii growth* They were supplied to us by 
Br. Hofmann,^ under whose gatdanoe we have worked throughout. 

The localities from which we have obtained our ipedmem of Flax, 
are the BuBsian districts known as Esthonia, or Estland, Livonia or 
Lievland, Goorlandi and Lithuania. The first of these districts, with 
the second and third mentionedj are situated on the eastern shores of 
the Baltic; the fourth, Lithuania, is the only inland country. 

These countries extend from 48** to 60^ north latitude, and from 
22^ to 28^ east longitude. 

The plan we adopted for the preparation of the ash, was the 
following : — A handful of stems, after being inflamed, were held over 
a porcelain dish, and allowed to bum gently. Hie aihes collected in 
the dish by this process, in one or two instances, were remarkably 
white ; however, in order to free them still more from the remaining 
carbon, they were placed* small quantities at n time, in a platinum 
dish over a gentle gas flame. In this manner also the sulphides, 
firmed in the process of combustion, were entirely reconverted into 
sulphates. This conversion was proved by experiment previous to 
analysis. In order to hasten the latter part of the process^ the 
Lithuanian and Estland ashes were burned with protoxide of mercury. 

The general analyses were performed in the usual manner : — the 
experimental numbers in Table I. shew the quantities of substance 
* employed, the I'esults from which aie exhibited m Table II. 

* I am indebted for these specimens to the kiuduess of Mr. Arthur Marshall, of Leeds, 
irlio had them lenfc from Rnaria for analysis, being origioaUy intended to supply the 
materiil tor a continuation of Sir Bohort Kane's reimdiea) and it was only in 
fon^pqTience of Sur Robert's other avocations preventing him from follovnnc: up the 
invest itrat ion any further, that Mr. Marshall sent them to the Laboratory of the Royal 
Coiiege fd Uhemistry. — Dr. A. \S, iiuimami. 
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These numbers cozrespond to tlie following composition 

I. — LIBTtAND FULZ ASH. 

Tlie stems, upon incineration, gave in average 4*1292 per 
Composition of the ash directly found : 



Potash' 



percent, 
cent of ash. 



Lime 



Sesquioxide of iron. 
Chloride of potassium 
Phosphoric acid 
Sulphuric acid 

Silicic acid 
Carbonic acid • 
Sand and charcoal • 



I. 


II. 


MEAN. 


350670 


34-8588 


34*9629 


17*1802 


17*1838 


17*1862 


6-2197 


6*3^78 


6*2738 


0*9235 


09286 


0-9260 


1*0849 


1 0201 


1 0525 


8-8048 


8-8224 


8-8136 


4-5097 


4-6012 


4-5554 


6-5812 


6-9216 


6-7514 


17-5914 


l7-464« 


17-5281 


0-0788 


0-3425 


0-5106 


98-6502 


98-4711 


98 5605 



The ahove numhers, after deducting sand and charcoal, which are 
considered but as accidentally present, and also carbonic acid, give 
the following composition per cent : 

Potash .... 43-42 

Lime 21-35 

Magnesia . . • • 7*79 

Sesqtiioxidc of iron . • 1*15 

Chloride of potassium . • 1"31 

Phosphoric acid . , , 10-94 

Sulphuric acid . , , 5 66 

Silicic acid . . . 8-38 



100-00 



II. 



-COURLAND FLAX ASH. 



The stems, upon incineration, gave in average 3*6358 per cent of aslu 
Composition of the ash directly found : 



Potash , . 
Soda . « 
Lime . 
Magnesia 

Sesquioxide (tf iron 
Manganese • • 
Chloride of sodium 
Phosphoric acid . 
Sulphuric acid 
Silicic acid . 
Carbonic acid 
Sand and charcoal. 



I. 


II. 


MEAN. 


29*6786 


29-5988 


29-6387 


2-9640 


2-9433 


2*9536 


201184 


200355 


200769 


6*1111 


6*2123 


6-1617 


0*9038 


0*8646 


•0-8842 


trace 


trace 


trace 


1*5562 


1-5562 


1-5562 


6-5948 


6-7027 


6-6487 


4-6647 


4-3220 


1 1933 


6-7027 


6-7604 


6 7316 


18-5106 


18-5253 


18-5179 


2-5559 


2-7966 


2-6762 


100-3608 


10031177 


100-3390 



Digitized by Google 



UIKXBAL C0N8TITU£NTS OF THE fLAX FLAXT. 



83 



Per-centage afta dedactiDg sand, cbaroal and earbonic add : 



Potash 
Soda . 
Lime. 
Magnesia . 

Sesquioxide of i^ 
Chloride of aodiuni 

Phosphoric acid . 
Sulpliuric ;icid , 
Silicic ucid. 



III. LITHUANIAN FLA 

The stems, upon incineration, gave in 

of ash. 



37*44 
8*74 
25-89 

7- 71 
113 

1-94 

8- 31 
5-89 
8-45 

100*00 

X ASH. 

average 2*3023 per cent 



Composition of the ash directly found : 








I. 


11, 


MEAN. 


Potash • • 


275459 


27*4770 


27-5114 


Soda • • • • 


2-3055 


2-3065 


2-3060 


Lime • i • • 


180526 


181648 


181087 


Magnesia 


5-6794 


5-5154 


5-5974 


Sesquioxide of iron • 


0-7991 


0-7710 


0-7850 


Chloride of sodiani . 


2-8115 


2-8115 


2-8115 


Phosphoric acid • 


10-5868 


10-8972 


10-7420 


Sulphuric acid • • 


2-6755 


2*8137 


2*7446 


Silicic acid . • • 


4*6346 


4*4532 


4-5439 


Carhonic acid . • 


22*8302 


22-7272 


22*7787 


Sand and chanioaL 


1*2190 


1*1828 


1*2009 




99*1401 


99*1203 


991301 


Fier-ceutage after deducting sand, charcoal and carbonic add : 


Potash 


• • • 


86*61 




Soda . 


• • • 


8*06 




Lime. « 


« » » 


2409 




Magnesia . 




7*45 




Sesquioxide of inm • : 


1*04 




Chloride of sodium 


3*75 




Phosphoric add 


. . « 


14*30 




Sulphuric add 


• • * 

r 


8*65 




Silide add. 


• • .• 


605 








ioo*o6 





o 2 
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IV.^BSTJULND K.AX A8H. 



The stems, upon indneration, gave in ayerage 4*0914 per eent of ash. 


Ck>mpo8itioa of the ash directly found : 








I. 


ir. 


MEAN. 


Potash . 


23-1083 


2o'0432 


23-07. w 


Soda ... 


7*5111 


7*0 32 3 




Lime • • • 


23*8567 


23*6070 


23-7318 


Magnesia 


10*6274 


10- 1718 


10*5 196 


Scsquioxidc of iron 


0*9115 


0*9363 


0*9239 


Cliloritle of sodium 


1*5069 


1-5069 


1.5069 


l*ti<v<plH)i'ic acid 


13*8098 


13-9642 


13-8870 


Sulphuric acid 
Silicic acid . 


4*1078 


4*1678 


4-1678 


4*4^15 


4*4815 


4-4815 


Carbonic acid 


7*7559 


7-7216 


7*7887 


Sand and charcoal 


2*5878 


2-5878 


2*5878 




100-3247 


1000203 


1001724 



Per-centage af^r deducting sand, charcoal and carbonic acid : 



Potash 

Soda . . . 
Lime, • • 
Magnesia . 

Scsquioxidc of iron 
Chloride of sodium 
Phosphoric acid . 
Sulj^huric acid . 
Silicic acid . 



25- 70 

8-37 

26- 41 
11*74 

1-02 
1-67 
15-47 
4 64 
4-98 

100-00 



From the foregoing analyses, the follomng comparative table has 
been made, from which it will be readily seen, in what points the 
ashes of these different specimens agree in composition. 





lierland. 


Conrisiid. 


* III. ' 




I. 


II. 




Potash . • • 


43-42 


37-44 


36-61 


Soda . • 




3-74 


306 


Lime . • • < 


' 21-35 


25*39 


24.09 


Magnesia • • 
Scsquioxidc of iron . 


7-79 


7-71 


7-45 


115 


1-13 


1-04 


Mansranese 




trace. 




Chluiide of sodium . , 




1*94 


O i o 


„ y, potassium 


1-31 






Phosphoric acid • 


10*94 


8*31 


14*30 


Sulphuric acid. 


6*66 


5-89 


8*66 


Silicic add 


8*38 


845 


6*05 




100-00 


10000 


100-00 



EaflnuL 

IV. 

25*70 
8-37 
26-41 
11-74 
1-02 

1*67 

16*47 
4*64 
4*98 
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We also append, in a tabular form, the resulta of Sir B* Kane's 
analyses of this plant, tsken from his paper^ read before the Royal 
Pnblin Society, on the 6th of Aprils 1847. 

To fadlitate comparison, we have re-calcolated these analyses alter 
deducting the carbonic acid. 





A 


B 


C 


D ' 


1 E 




G 




Courtrai 


Antwerp 










District. 


District. 






















1 






r 










1 


Heestelt. 


scamaffles. 


ammezog. 


[ot named. 


District in 
Holland. 


Dublin. 


k 






w 


33 










Potash 


9-69 


30-62 


26-67 


28-62 


21-35 


11-78 


6-60 


Soda • • 


24-16 


none. 


16-88 


0-48 


12-65 


11-82 


661 


Lime . • . 


19.37 


2204 


22-15 


2119 


21-30 


14-85 


23-67 


Magnesia . . . 


4-34 


4-45 


4-70 


4 05 


3-50 


9-38 


4-22 


Sesquioxide of iron . . 


5-66 


2-03 


1-31 


2-53 


2-74 


»» »i 


1410 


Aloinina , 


0*66 


0-58 


0-86 


i» It 


i-o; 


7*32 


»t n 


Manganese . . 


trace. 


trace. 


trace. 


»» i» 


t> »» 


>t If 


1-12 


Solphoric add • . 


7-93 


8-33 


8-18 


13-43 


11-22 


319 


9-30 


PbMphorie add • 


14-10 


15*78 


10*66 


12-19 


12*82 


13*05 


7-29 


Silicic acid ... 


3-85 


4 54 


3-20 


3-36 


018 


25-71 


0-94 


Cfaloride of todinm . • 


10-34 


11-63 


5 49 


1415 


657 


2 90 


2615 




100H)0 


100-00 


10000 


100 00 


10000 


100*00 


10000 



On comparing the results of our analyses with those of Sir Robert 
Ksne, we find at once that the general features of both are identical, 
although^ as might be expected, discrepancies present themselves 
respecting the individual constituents* In the ashes^ both of the 
Belgian and of the Russian specimens, we meet with a very large 
amount of alkali (nearly 40 per cent) : the quantity, too, of phos- 
phoric acid is very considerable (from 10 to 15 per cent). , Our 
analyses then furnish a further proof that flax must he classed 
among the most exhausting erops^ for, the amuuiit ftf \Tiluabk 
mineral substances which wc remove from the soil in this ])l:int 
considerably exceeds the quantity which is generally extracted irom 
it in the form of wheat or com. 

From a statement of Mr. Mac Adam,* it a})pears that one rood of 
land yields about 12" 7 cwt. of recently-pulled tlax plant. If we 
take this number as the basis of calculation, and the average per- 
centage of ash, at 3*53 lbs., of alkalies, at 39*58 lbs., and of phosphoric 
acid, at 12'51 lbs., we find that a flax crop removes from a rood of 
land not less than 12*21 lbs. of alkalies, and 5*94 lbs. of phos- 

* Rojral il^iieiiltunl Joami], vol. viii, p. S61* 
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phorie aoid j on the other hand^ we have learnt from the reeefttehes 
of Mr. Way^* thftt « roo4 of lond^ whieh bae aenred for the eulttv*? 
tion of wheats loses (an average taken from a great miinher of 
fuialyaea) iibout 7*5 Ib'a, of aUoili and '^-O lbs. of phosphoric acid. 
These figures ahovr that the amount of phoaphorie acid in the 
flax crop eloaely approaches that of the wheats whilst the latter 
extracts only ahoot half the quantity of alkali which we find in 
the former. Hence^ it would appear, that a fiax crop is at least aa 
exhausting as a crop of wheat. 

There is, however, one striking point of dissimikrity between the 
cultivation of wheat and that of fiax, and we are indebted to Sir 
Bobert Kane for having for the first time brought this point under 
the notice of the fiarmer in a forcible manner — vis : that while the 
mineral ingredients which we remove from our fields in wheat, or 
cerialiie in general^ become constituents of food, and enter in thia 
manner into a circulation, from which, even under very favourable 
circumstances, they return to the soil only after the lapse of some 
time; the woody fibre of flax, as a necessary preliminary to its being 
used by man, is separated to a considerable extent from those very 
minertj substances, which are so essential for its successful growth. 
This mineral matter, when economized iu a proper manner by the 
farmer^ may be returned to his field to keep up the equilibrium of its 
lertiluy. 

The vegetation of the flax plant resembles in tliis respect the 
growth of the sugar-cane, from the culture of which, we expect a 
material consisting entirely of atmospheric constituents. The in- 
organic substances taken up by the plant are only instruments used 
in its production, which should be as carefully ])rcserved as tools iu a 
manufactory, and will then do further duty iu promoting the elabo- 
ration of future crops. 

The analysis of the flax ash suggests a few remarks respecting 
an interesting feature in the nature of ashes generally, which was 
first noticed by Professor Liebig ni his celebrated Ajrricultural 
Cheuiistry. On comparing the composition of the ashes of sp* t imens 
of the same plant, cultivated under different circumstances, he 
observed, that notwithstanding very considerable discrepancies in 
the con«^titution, the entu'e basic power of the different bases 
united with a certain class of acids, for instance, the organic acids, 
remained constant for different specimens of the same plant : or in 
other words, the basicity of an oxide being measnred by its oxygen, 
the total amount of oxygen contained in the bases forming organic 

* Royal AgrisnlturaL Joiimal, ¥oL vn. p. 593. 
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uHU, Wti l»und to be identical in the different specimenB. The 
views mpeeiiiig this typical basicity, which Liebig pointed out in a 
few iuetaneei, end oidy for the lelts of organic acids^ were after- 
wenk eitended by other chemists. Indeed, the total amouBt of 
exygen eontaincd in the form of basic oxides leeme to vary only 
within narrow limiti for difierent individuals of the same class of 
plants. Sir Bobert Kane has csleolated the quantity of mygen in 
tiie bases of his flax sahes, the constancy of which certainly seems to 
support this view j our analyses lead to a similar eondosion, as may 
be seen from the following figures : 





Quantity of Itttie 




Quantity of basic 


NspiS flf «l|g sdi. 


eiygm in lOe 


Name of the atb. 


oxygen in 100 




parts. 




parts. 


Heestert , , . 


16-95 


Licvlaiid 


10-80 


Eseauiaffles . 


1400 


Courlaiid 


1789 


Hamme Zo^ . . 
Unknown district , 


1771 


Jjithuauian 


1712 


13*36 


Estland 


17*86 


Holland • . . 


15-83 






Dublin . . « • 


16*36 




Jfeon 17-42 


Asmagb • , . • 


16-68 








if^an 15-68 







The composition of several wheat-ashes^ as resulting from Mr. 
Way's analysis, likewise appears to be favourable to this view.* 



Specimen 


No. 1. 


Mopeton wheat . . . 


. 11-64 


per cent. 


M 


No. 2. 


Creeping wheat . . . 


. 11-52 


}f 


M 


No. 3. 


Red straw white wheat . 


. 1102 


a 


99 


No. 1. 


llopeton wheat, No. 2 . 


. 11-91 




99 


No. 5. 


Fi-t'nc']i wheat . . . . 


• 12*o9 


» 


99 


No. (). 


Ej^yptian wheat. , 


. 12-11> 




li 


No. 7. 


Odess;i wlieal .... 


. 1208 


ff 


99 


No. 8. 


Mai iaiiople wheat . . 


. 14-46 


a 


U 


No. 9. 


Hopeton wheat. No. 3 . 


. 12-89 


i> 


99 


No. 10. 


Red straw white wheat. 


. 11-53 


>i 


99 


No. 11, White wheat .... 


. 12-24 


99 






Mean 1219 





The argument, however, drawn from these ashes^ is of inmor 
importance, the discrepancies in their composition being far less 
conspicuous than in the former cases. 

The number representing the basic power of the. sum of the 
metallic coudes in the ash varying within trifling limits^ it is but a 

* Boyal Asrictttiural Society Jonmal, vol. vii, p. 666. 
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natural eoiuteqiiencc that we should likewise find a certain oooBtoncy 
in the acidity of the total amount of acids. Without going into 
detail, a glance at the tables will shew, indeed, that a leplacement 
of the acids occurs to a certain extent. Whenever the amount of 
carbonic acid, which represents the organic acids, diminishes, we 
find the quantity of inorganic acid, as aulphuric and phoBphorici 
increaaea, and vic^ vertd. 

Our attention was next directed to the soils upon which the different 
apccimcns of flax had been grown, samples of which, through the kind* 
ness of Mr. Marshall, had likewise been forwarded to Dr. Hofmann. 

These soils all gave a brownish colour to boiling water, owing to a 
portion of the organic matter being soluble in that menstruum. 

The following table shews the behaviour of these soils with solvents : 







Comltiid. 


Lhhutiiit. 


StUnd. 


Total 

Soluble in hydrochkxrie add . 


0-0864 
0*2290 


0 1700 
0-3125 


01528 
0-4417 


0*1497 
0*4578 


0*3154 

7-2590 
92-4250 


0*4825 

6-916C 
92-6009 


05945 

7 2433 
92- 1622 


0*6075 

8-7119 
90-6806 


100-0000 


100*0000 


1000000 i 100-0000 



The following tables contain the details of the individual deter- 
minations : — 

TABLE I. 





Lievland. 


Courlaad. 


Lithuanian. 


Estland. 


Quant i<y of soil employed for 


gnu* 


gm. 


grm. 


gm. 






geucrui analysis . 


200480 


22-3010 


18-5560 


22-9480 


Anoant of the hydrochloric boIu. 










tion .... 


270 0100 


232-3550 


324 1250 


2G3-98 


Hydrochloric solution for alkalies 


641800 


67*4600 


74*3800 


56-1600 


Hydrochloric ■olittion for sul- 










j)luiric acid .... 


58 0350 


65*2700 


69*9400 


45*53 


Hydrochloric solution for phos-l 












phoric add, sesqui oxide of I 
iron, alumiiia, lime and mag- 1 




84-3700 1 


69*7700 


75-9150 


; 88-7600 


< 


73*4400 r 


1 50*9400 


nesia J 












Hydrochloric solution for the 










flCflquioxide of iron . 


23*8400 


46*9195 


60*7950 


22-1800 


Quantity of soil for chlorine 


13*2600 


11*3701 


11*6611 


14*4190 


Quantity of soil for total amonnt 










of organic matter . • 


7.5850 


4-9130 


5-6485 


7-3205 


Quantity of soil for tottl amount 










MdttUeinwtter . 


164*8400 


205-1700 


1 228*2350 


104*6100 
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TABLS II. 



f 


Lievland. 


Courland. 


litbuan. 


Eatland. 




18-5294 


20-7465 


171003 


20-8094 


Mixed chlorides of potassium and sodium . 


01684 


0-1757 


0 1839 


01738 


Bichloride of platioum and jpotassium . 


0-5217 


0-3758 


05255 


0-4419 




0*0091 


0*0609 


0*0236 


0-0388 


Sulphate of baryta for sulplnirir acid . 


00999 


00543 


0 0784 


0-8897 


Pyrophosphate of magnesia for pUospb. acid 


00448 


00190 


00234 


00577 


Sesquioxide of iron and alumina • 


0-6214 


0-9477 


0-9864 


0-9250 




0-3624 


0-5300 


0-5911 


0-4537 


Carbonate of lime 


0-1504 


0-3113 


01494 


0-.''.'2.'',7 


Pyrophosphate of magnesia for magnesia . 


01103 


0 1U75 


0 0918 


0-2226 


CUoiide of silver for cblorine , • 


00150 


0-0071 


00123 


00280 


Anooiit of soil left aiftw ignition • 


7*2120 


47150 


5*4031 


6-9645 



From the former tables we obtain^ by calcnlation^ the following 
•mounts of oonstituents of 100 parts in the soils : — 





lierland. 


Courland. 


Lithuan. 


Estland. 


Potash 


0*5011 


0-3241 


0 5460 


0-3726 


Soda 




0-1320 


0 0152 


0 0480 


Lime ..... 


0-3751 


0-7816 


0 4980 


0-7yu5 


Magnesia ... 


0-2006 


0-1304 


01805 


0-3619 


Alinrina . . . , ♦ 


1-1919 


1-8731 


2-1418 


20102 


Sesquioxide of iron . • • 


1-8076 


2-3767 


3-1900 


2-0206 


Manganese • • • • 


trace. 


traee. 


trace. 


trace. 


Chloride of sodiom . • • 


0 0455 


0 0247 


0 0421 


0 0790 


Sulphuric acid . « • 


0-1539 


0-0880 


01206 


01618 


Phosphoric acid 


01399 


00538 


OOB05 


01597 


Organic matter 


4*7176 


4-0300 


4*3442 


4*8630 


Insoluble residue after deduct- 1 


91*0634 


89*4872 


88*4724 


88*2364 


ing organic matter . . J 




100*1966 


99*3016 


99*6619 


99*1087 



The insoluble residue constituting the greater portion of the soil^ 
VBs fused with carbonate of potash. The following are the ezperi* 
mental numbers : — 





Lievland. 


Courland. 


Idtlinanla. 


Estland. 


Amount of residue employed 

Amount of hydrochloric acid solution ob- 1 

Amount of liydrocbloric solution for the] 
determination of bcsquioxide of iron and > 
ttniniiia J 

Amount of hydror>tloiie aolutioii Ibr the') 
detenmnation of lime • • • . j 


0-9790 
82-35 

17-11 


1-2955 
213-9450 

26-9730 

27*7520 


0-KG20 
270-3300 

29-5835 

26 0968 


0-9780 
91-9300 

30-1800 

26*1700 
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liievland. 


Courlaad 


Lithttania. 


Estknd. 


Amount of silicic add obtuned 
Anumnt of sesquioxide of iron and aIn-1 
mina obtaiaeil . . . . .J 
Ainoant of carbonate clliineolitaiiied . 


0852 
0K>260 
• • 


1.1S53 
0-0106 
0-0061 


0-7958 
0-0028 
0-OOlS 


0-8930 
0-0210 
00120 



The insoluble residues^ upon cdeul^tiopi jrield tbe foUawing re§ult(( 





^evland. 


Courland. 






Lime • » . . 
AlvuniD* . • • • 

Sesquioxide of iron , 
^^wphoric 1^ . 


traces. 
11*6270 

traces, 
traces. 
79-3424 


1-8727 
6*1145 

traces, 
traces. 
81-5000 


0-8778 
2-2452 

traces, 
pone. 
850938 


2-0120 
5-7540 

traces, 
traces 
80-567Q 




90-9694 


92-6224 


88-2168 


88*3345 



In ail the four soils we find, comparatively speaking, consi(l( l able 
quantities of alkali^ especially pota^^ and also of plio5!plToi ic acid. 
They closely resemble the Belgian soils analysed by Sir Kobert ^SjB^ 
as niay be seen from the tables^ which we borrow from Sir Koberf s paper. 



Potassa 

Soda ..,«.*. 
Lime 

Magnesia 

Alumina 

Sesquioxide of iron . • . 

Manganese 

Chloride of sodium • • . 
Sulphuric acid • « • . 
Phosphoric acid . . . . 
Organic matter not driven! 

off at XOO" per ceut .J 
Clay 

f t t t f « I 



1 

Ileestert. 


in 
<u 

tn 


Hamme Zog. 


Not named. 


■. ■ iJT 
'J *^ 


01 60 


0 123 


0068 


0151 


0-588 


0-298 


0146 


0-110 


0-2QG 


uaoG 


0-357 


om 


0-481 


0-366 


3-043 


0-202 


0-158 


0140 


m 




0*102 


1*883 


0126 




3-298 


1*668 


1202 


1*648 




trace 


trace 


a trace 


no trace 




0017 


0030 


0-0G7 


0-009 




0025 


0017 


0-()13 


0026 


0-023 


0121 


0^.152 


0*064 


0193 


0159 


8-128 


2*861 


4*209 


im 




14-920 


9-280 


5-760 


4-400 


17-080 




80797 


^•385 


60-947 


99-703 199 600 


99-975 


i 00-081 


99-783 



In conclusion^ l)cg to express our warmest thanks to Dr. 
Hofmann tor his iustrnctioti and valuable advice during the prosecu- 
pf these analyses^ and for th^ uniform kiuduess we have at all 
fimei tspenenced at his hands. 
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On a modificnt'ion of phoFphonnf. — The red colour whicli phosphorus 
is observed to assume when exposed to the Hi^ht, has heeu ascribed by 
Berzelius to an allotropic conditiou of the eleineuts, while other chemists, 
amongst whom is Gmehn, have thought it probable that the phosphorus 
which is thus subject to redden, even in the presence of inert gases 
or in Tacuo, caimot bare been perfectly dry, and acquires Its red colour by 
CMmtaminAtion mtb tbe red oxide of pbospborons, produced by the 
deconiposition of ibe water^ from wbich tbe colourless pbospborus has not 
been thoroughly separated. M. Schroetter dried colourless phospboms 
at a temperature of 212" F. in an atmosphere of carbonic acid gas, and 
exposed it, surrounded by the same gas, in a vessel hermetically sealed, to 
tbe action of direct and indirect light; in both cases the phosphorus 
'was reddened, and the rapidity with which this colouring ensued, was 
in proportion to the intensity of the light. These experiments prove 
that oxidation is not the cause of the phenomenon. The effects produced 
by light upon ]>hnsphorn>, may hkewise be obtained by a high tem- 
perature. M. SchrocUer heated ilrv ])hosphorus iu an apparatus entirely 
void of oxygen. The element distilled at a temperatue of 'M)2^ F. and 
condensed again in colourliss drops; when, however, the temperature was 
raised lu 139"' T., the heated mass assumed a enrminc-rod colour, which 
became gradually deeper, and at length the whole was rendered perfectly 
opaque. This change in the character of the phosphorus is not sudden ; 
on the increase of temperature a red powder is first observed, wbich, 
from its greater weight, falb to the bottom of the vessel containing 
tbe ftised mass, and if the operation be kept up for 50 or 60 hours at 
a temperature ranging between 464* and 482* F., tbe greater portion 
of tbe lower part of the vessel becomes filled with this red substance, while 
the upper layers of the liquid are coloured more or less intensely firom 
admixture with it. The conversion of phosphorus into this red modifi- 
cation is not effected under a pressure inferior to 393 millimeters (15,4842 
in.), the boiling point being then below 439" F.f which is the lowest 
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limit of temperature compatible with its production. That the red body 
in question is simply phosphorus in an allotropic oonditlon has been 

provecf by the isolation of the substance, and its reconversion into ordinary 
phosphorus, at a temperature soincwlmt higher than that at which it was 
formed. The red substance may be isolated by a careful process of 
distillation, or by treatinfi: tlic mixture of the two modifications with 
bisulphuret of carbon, in winch the red amorphous powder is insoluble, 
while the ordinary ])hosphorus is dissolved with ease. Thus separated, 
amorphous phosphorus may be purified Jby successively boiling with a 
solution of potash, water, water acidulated with nitric acid, and, lastly, 
mth pure water. It then presents a more or leas dark-red or eren brown 
colour, and is totally without ciystalline Btracture. Its density at 50** F. 
is 1*964; that of Hquid phosphorus, at 113** F.j heing 1*88, and that 
of solid phosphorus, according to the author^s own experiments, 1*83 
at 50" F. 

Amorphous phosphorus may be exposed to air without change, it is 
insoluble in alcohol, ether, naptha and protochloride of phosphorus; oil 
of turpentine, and, in general, all the liquids that boil at elevated tempera- 
tures, dissolve small quanties of it at the boiling point ; but no substance 
that dissnlv( tliis borly at a high temperature deposits it in the amorphous 
state on coolitig. Heated in a tube filled with an atmosphere of carbonic 
acid in an oil-bath, amorphous ])hosphoru8 begins to change into the 
ordinary inodificatiou at a temperature of 500" F. If the air has access to 
the phosphorus at this temperature, it luiiames, but in order to convert 
the whole of it into phosphoric acid, the temperature must be raised to 
5720 F. This modification of phosphorus emits no luminous appearance 
in. the dark, unless heated to nearly diat point at which it inflames. 

Amorphous phosphorus exerts much less affinity for the other elements 
than the common modification, and is insoluble like the latter; when it 
does enter into combination, the light evolved is very much 1^ intense 
than is the case with white phosphorus; it is, however, capable of 
removing oxygen from a large number of metallic oxides, aided either by 
friction or heat, and the reaction is accompanied by the production of 
hght. 



On a neto mode of employing sulphuretted J^droffen m chemical analysis.*-^ 
Sulphuretted l^ydrogen has not been generally employed in chemical 
analysis, otherwise than as a reagent in the mnist way. M. Ebelmen 
proposes to employ the gas as a means of conveitiag mixtures of several 

* Amu de Chim. et de Fhyt,, xxv, 92. 
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bodies into snlpburets in the dry way, wlucb snlpbiirets may tben be 
separated from each otber, dther by the solnbili^ of tbe one in add, 
to the exdnsion of the other, or the one may remain fixed, while the other 
isTolatile at a slightly elevated temperature. 

The separation of manganese from cobalt may be very aoeurately effected 
in the following maimer: The weighed mixture of the two oxides is • 
placed in a small platinum dish, and heated to dull redness in a tube 
through which a current of sulphuretted hydrogen gas is passing. The 
mixed sulphurot<!, after being cooled in a current of the gas, arc then 
removed and treated with cold water acidulated with hydrochloric acid. 
The siilplnirot of manganese is alone dissolved. After a digestion of some 
hours, the liquid is tiltered, and from the filtrate after boiling, tlie manganese 
can be precipitated by potash. The black residue of sulphnret of cobalt 
is decuiiipusetl by nitric acid, and the oxide of cobalt likewise precipitated 
by caustic potash. 

Manganw may be separated firom niehl with equal accuracy by ^ 
process. 

Mmganese cannot be accurately separated from xlnc upon this plan, 
a small quantity of manganese remaining with the sulphuret of zinc 
when the mixed sulphnrets are treated with acetic add ; hydrochloric add 
is not applicable as the solyent of the manganese, as it likewise dissolves 
the sulphnret of zinc. 

A mixture of the sulphnrets of iron and colnUt obtained in this manner 
cannot be separated by Ijydrochloric acid, even wlien concentrated acid is 
employed : nearly the whole of the sulphnret of iron being retained by the 
auiphurct of cobalt. The insolubility of the sulplnwot of iron insoluble 
in cold hydrochloric acid, does not, however, aciniit of its ])eing thn.-* 
separated from sulphnret of manganese, as a considerable jiroportiou of 
the manganese is found to be irrcmoveable from the sulpiiuret of iron by 
the acid. 

Tlic volatility of certain of the sulphurcts can sometimes be applied 
as a means of separatiug them quantitatively from others which are not 
volatile. Two instances are stated by M. Ebdmen ; Ae one with reference 
to the separation of iron from arseme, the other with reference to that of 
ararascfrom tin» 

Arseniate of iron is completely converted by heat in a current of 
sulphuretted hydrogen into the respective sulphnrets of arsenic and 
iron, the former of which is entirdy Tolative, leaving pure sulphnret of 
iron. 

ArsmiCf or any of its compounds, in combination with lis, may be 
completely volatilized as sulphnret of arsenic, while the tin remains fixed 
in tlie form of sulphnret, and may be entirely converted into the peroxide 
by subsequently heating to redness in an open crucible. 
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On « mm eompoimd boracic acid wUh $oda, and m ike probable mode 
of production of boracic add m mature.* — ^The known combinations of 
boracic acid with soda are restricted to the following three> NaOyBO,; 
NaO, 2 B0« and NaO^ 6 BO,. Dr. Bolley has supplied a miBimg member 
of thia ierie^ via., the ealt Tepfesented bj the formiila : 

NaO 4 BO., 

by boiling together solutious of sal-ammoniac and borax, in the proportion 
of 2 equivs. of tlic latter, to one of the former. The process is atteudt 1 
by the evoluUon of ammoniti, anti tiie production of chloride of sodium. 
When the operation of boiling is continued with a dilute solution uutil 
the evolution of ammonia ceases, and the liquid in them evaporated, a 
deposit of borax is first obtained, the mother-liqiior from which lajstab 
yields, on carefiil evaporation at a low temperature, a erystalliue omst 
on the sni&oe of the Uquid, and likewise at the bottom of the evaporatrng 
Teasel. These crystals axe composed aeoor^ng to the ibrmnla t 

Na04B03 -f 10 HO. 

Dr. Bolley is of opinion that a reaction, similar to that of sal-ammoniac 
upon borax, is concerned in the production of the natural boracic add of 

the Lagoons. lie finds that the borates of magnesia and lime, Boracite 
and Datolile, are similarly effected by sal-ammoniac, and that, if this latter 
substance preponderates in the mixture, the entire borate is decoinposcd, 
boracic acid being liberated, which can then be dissolved hv the hot 
vapours ivliich it always acconi))anies in the locaHties of its production, 
and which according to Payeu, likewise contain ammcuia. 



On two new bodies belonging to the amylic series.-\ — By distilling equal 
volumes of crystallized sulphamylate of potash with concentrated 
bisulphide of potassium, M. Ossian Hi^nry, Jun., has obtained a yellow 
oOy liquid, lighter than water, and which evolves a powerful penetrating 
odour. This product is the hMpMde of rnngU Th^ following equatiott 
indicates the mode of its formation : 

280,, CioH^A KaO + 2(S0,. KaO) + C,o H„ S,. 

Bisulphide 
of amy]. 

Distilled two or three times over chloride of calcium, the bisulphide of 
amyl vields two products, the first hoihng; at 210° C (410° F.) is yellowish; 
and consists almost entirely ol niouosulphide of amyl; the second, boiling 

* Ann. der Chem. und Pharm., Lxviii. 122. 
t Ado. de dum. fit de Phy. zx,y. 246. 
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Ml a ftemperatore between 140* aod 260^ C. (464* and 500* F.)i le a 
liquid of a fioe amber oolour, bumiiig tvith a white flame of great 
Imninontj. This liquid emita a strong and vety penetratitig aUianoni 
odour, and poaieeses a density of 0*918 at 18<* C. (05* F.) 

Equal bulks of sulphamylate of potash, and sulphocyanide of potassiunif 
both in the form of crrstals, intimately mixed and distilled in a large 
retort, yield a mixture of water and an oily liquid of a yellowish-white 
colour. This oil is the sulphocyanide of amyl, which when purified over 
chlonde of calcium, becomes perfectly colourless. It is lighter than water, 
and possesses a penetrating alliaceous! odo\ir. The liquid hegms to boil 
at 170" C. (338"* F.), and the temperature rises as high as 2G0° C. 
(500° F.) It hurus with a whiu; smoky flame, and its density at 21° C. 
(68° F.) is 0-905. 

The following equation exhibits its couipositiou aud mode of pro- 
duction : 

SO,, C,, Ha O, KaO + C, NS, KaS 2(S0, K Oa) + C„ H„ NS|. 

Sldphr yniude of 

Or the sulphocyanide of amyl may be represented as foUoWS : 

C, Ns' + C,o H,, S. 

Bnlpho- Sulphide of 
eyaaogen. amjl. 

The density of the vapour of sulphocyanide of amyl was founcl at 6*33, 
althougli, aoeordtng to theory, it should only he 4*504^ 

When the bisulphide or sulphocyanide of amyl is boiled with pure 
nitrie acid, diluted witb a third of its weight of water* and the product is 
saturated with carbonate of baryta, a salt of sulphamylolic add is 
obtained, corresponding to the sulphetholic and sulphomethollc acids. 

The following equation exhibits the composition and mode of formation 
of this salt firotn the bisulphide of amyl : 

Cio Hu S, + NOs, HO » C»» &u S|0« + HO « C,o H„8kO«. 

Sulphamylolic acid. 



Or! the conversion of malic into tuccinic aeid*—M. Piria has shown that 
asparagine may be riewcd as the amide of malic acid, and that it may be 
converted by fermentation into miccthate of ammonia. Tlie intimate 
relation of asparagino to mahc acid has received additionnl proof, at the 
hands of M. Des^aignes, by the metamorphosis of the malic acid contained 
in malate of lime, into succinic acid. 

* Ann. de Chinu etde Pby. nr. 253. 
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The malate of lime obtained by the process of Liebig, from the 
berries of the mountain ash, was left exposed below the surface of 

water to the ordinary temperature of the air. In the course of some 
months, the upper portion of the water was observed to contain a 
mucilaginous substwce, while crystals of carbonate of lime coated the 
sides of the Tcssel. As the temperature rose during the summer months, 
a crust of very fine pvisuiatic crystals was observed on the surtacc of the 
malate of lime, which, alter purification, were found to consist of pure 
succinic ucid. 



Examination of the oils estpressed from the seeds of white and black 
mustard.* — The acids contained in the oils expressed from the seeds of 
Sinnpis alba, and 7ilgra, are only known as combinations of oxide of 
glyceryl, they have never yet been isolated. Mr. Darby has obtained, by 
the usual methods, from the fat oil of white mustard, an acid, which 
he terms Erucaic acid, and which is nearly allied to the Behenic acid of 
Volker. 

The composition of the Erucaic acid is expressed hj the formula. 

C44 H^j O4. 

The acid melts at a temperature of 34" C (93*5 F.) ; it is deposited in 
white needles from solution lu alcohol. The salts of silver, lead, and 
baryta were examined, and their composition is expressed by the general 
formula : 

H,, 0„ MO. 

There appears to be another acid associated with Erucaic acid in the oil, 
the lead-sdt of ^kh is soluble in ether, and for the baryta compound of 
which, the author has deduced the following formula : 

C„ H„ O4, BaO. 

The composition of this acid is, therefore, different from that of the 
oleic acid contained in the non-siccative oils, the composition of the 
baryta-salt of which is expressed by the formula : 

Css H33 O3, BaO. 

The oil of black mustard was found to contain three acids, viz., Stearic 
acid, Erucaic acid, and a liquid fatty acid, which appeared to be identical 
with the latter acid, described as contained in the oil of white mustard. 

* Ann. del Cbcm. uud ii^lxarm. hxix* 1« 
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February 19, 1849. 
The President in the Chair. 

M. Claudet presented a portrait of Dr. M. i'arada^, taken Irora a 
Daguerreotype. 

Messn. Edward J» Chapman and John £. Mayer, were elected 
Members of the Society. 

The following papers were read : 

IX. — Ali weemU o/wme escpeHmmta wUk VoUtAc Cknqfka. 
By Mb. Bichakd Adib, laverpooL 

In continuing the experiments submitted last year for the con- 
sideration of the Chemical Societyj in which I sought to show that 
a metallic oxide acted as a negative element to bright portions of the 
metal from which such oxide was derived^ I formed a voltaic couple 
with two similar pieces of sine, one o£ which was amalgamated^ 
while the other possessed a clean-scraped metallic surface. When 
this ' couple was connected in the usual manner with a delicate 
galvanometer and immersed in oxygenated water^ I found it easy to 
obtain the voltaic current at pleasure, either from the amalgamated 
Burfece as the positive, w from the seraped surface as the positive 
element. 

The plates were immersed in the water and allowed to remain for some 
time till the galvanometer, in connection with them, fell to near zero. 
The amalgamated plate was then taken out and the surface wiped 
clean ; on re-immersion, the galvanometer immediately indicated tJiat 

VOL, II. — NO. VI. H 
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the bright vmalgamated Bui&ee was positive to the other which had 
yemained for some time in the water^ and waa slightly oxidized. 

Again, allowing a space of time for the galvanometer to letum near 
to serOy the sine plate with a scraped soxface was removed and again 
deaned; when pat into the water^ the galvanometer ihowed that ita 
Borface was poaitive^ while the amalgamated auz&ce had now become 
negative, the leverae of what it was in the Brat trial. These eiperi- 
menta were repeated with uniform resnlts, the sole condition which 
regulated the direction of the voltaic current being the state of the 
surfaces of the pieces of zinc with reference to oxidation. Unless 
care was taken, however, to keep the amalgamated surface untouched, 
I generally found it acting as the positive plate, a result to be expected 
from the circumstance of the amalgamatiou ol" the metal rendering 
the (ixulc formed on its surface far more easily removeable than the 
oxide formed on the surface of imamalgamated zinc. 

From these experiments, the object of amalgamating zinc surfaces 
in voltaic batteries would appear to be to prevent the formation of 
oxide of zinc on the positive side, where it would act as a negative 
element, and waste a portion of the power of the battery in gene- 
rating local currents. In oxygcnated-water batteries the metallic 
oxides are removed from the surfaces of the plates by mechanical 
means only, there being no acid present to remove them in the form 
of soluble salts ; but in batteries where acids are used, the oxides are 
removed by combiniTip; ^vllh part of the acid to form soluble salts. 
In this case, I presume that amalgamating has still the same kind 
of action which we find exerted in the oxygenated-water battery, 
namely, that the particles of the oxide to be combined with the acid 
are more feebly attaclied to the amalgamated metallic surface, than 
to the same surface unamaigamated, and are consequently more 
readily dissolved. 

The usual explanation given of the advantage resulting from amal- 
gamated zinc is, I believe, that it prevents impurities in the zinc from 
forming local actions, but I apprehend that with the purest zinc, 
a coating of oxide on its surface, will in an oxygenated-water battery, 
have greater inflnence in destroying ita positive action than any of the 
metals found associated with common zinc as impurities. 

In continuing the experiments in which pure specimens of metals 
were enclosed with distilled water in hermetically sesled glass tubes^ 
and where I bad found that iron possessed the power at ordinafj 
temperatures of slowly decomposing water, generating hydrogen, 
I prepared by voltaic action, specimens of antimony, bismuth, lead, 
and tin, and placed portions of each of these in teat-tnbes, with p«re 
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water ; the tubes were afterwards hcrmcticaUy sealed, the greatest 
pains having been taken to expel absorbed air from the water by 
fibuUition. In none of these tubes could 1 discover the shghtest 
evidence of the decomposition of the water. The tubes were then 
removed to a sand-bath, where they were maintained for two months 
at a temperature of 100^ Fahrenheit^ above the ordinary temperatures 
of the weather^ without any of them showing an inerease of internal 
pressure through the generation of hydrogen. 

The first three of these metals are held by chemists to be in- 
eapaUe of decomposing water at any temperature, hence it was not to 
be expected that^ like iron^ they should possess a slow power of decom- 
posing water J but having found that when they were formed into th^ 
positive elements of voltaic couples excited by water in a rapid state 
of ebullition, the attached galvanometer always indicated a decided 
iction, X felt desirous to try carefully whether the effect could be due 
to a decomposition of the water. As no evidence ol this kind 
tould be obtained from these experiments^ it appeared to me, that the 
action of such voltaic arrangements must be explained on the prin- 
dple that water, boiling in the atmosphere, ^ways contains some 
portion of absorbed air, and that it is the o^qrgcn of this air which 
enates the couple. 

A plate of copper associated with one of platinum, and attached to a 
delicti galvanometer, gave a perceptible action when excited by 
boiling water: when the plates were at the surface the action was 
greatest; but when these were placed beneath the surface of the 
water, there was still decided action. At a depth ctf 8 inches below 
the surface a voltaic current was generated, which, according to the 
above view of the action of saxtk a couple, could only arise j&om a 
portion of atmospheric air renehing the plate. 



X. — On the Quantitative Separation of Magnesia, and of the oxides 
qf Nickel, Cobalt, and Zinc, from Potash and Soda. By IIbmry 
Watts, B.A., F.C.S., AaMant t» the Birkbeck La&otatary, 
Umomity College^ Londm^ 

The separation of magnesia from the fixed ii]kalift is 'well known to 
be attended with eonsiderable diffiiralQr^ . The method given in 
Rosens Analytical Chemistry,* consists in c(Hiverting the mixed salts 

« *^ N<Mrmaiidy'$ Traa^ation, toL ii. ^ 43.- 

H,2 
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into siilpliates, adding acetate of baryta in excess to remove the 
Bulphuric acid filtering'; converting" the acetates of bar} ta_, magnesia, 
and the alk;ili< ni the filtrutc into carbonates by i^^nition — then 
digesting in \\atcr^ and hlteniiij; attain to sepnratc the alkuiine 
carbonates from tikc insoluble carbonates of baryta and magnesia. 
The magnesia and baryta are then separated by mi cans of sulphuric 
acid. This method is very troublesome and complicated ; and after 
all, does not give very accurate results. 

An easier method is to make use of baryta-water, which preci- 
pitates magnesia, leaving the alkalis in solution, and then to 
remove the excess of baryta either by sulphuric acid, or by carbonate 
of ammonia. This method is unobjectionable when only the alkalis 
arc to be quantitatively determined ; but if the quantity of magnesia 
is likewise to be estimated, a great deal of trouble is occasioned by 
the formation of carbonate of baryta, which always takes place more 
or less during the filtration aud washing, whatever pains we may take 
to txclude the air. The magnesia and baryta have then to be 
separat( d by sulphuric acid; and this involves the necessity of 
expciliiii^: a con si(I( r able excess of sulphuric acid by heat, which is a 
troublesome process. 

To obviate these difficulties, I have devised the following process, 
which is nothing more than a particular application of a method in 
very general use. It consists in precipitating the magnesia by a 
known weight of carbonate of soda, using a considerable excess ; then 
boiling and filtering; treating the filtrate with a slight excess of acid ; 
evaporating to dryness, and igniting the residue to render it neutral | 
weighing the neutral salt thus obtained; and making the proper 
correction for the quantity of aoda-salt introduced. 

The mode of conducting the process will be best understood by the 
following examples : 

Twenty-five grains of sulphate of magnesia and potash, in well- 
defined crystals, were dissolved in water, and the liquid was mixed with 
solution of 10 grains of perfectly anhydrous carbonate of soda. The 
mixtttre> which was strongly alkaline, was then hoik J for half-an- 
hour, the water being renewed as it eyaporated. This contimu d 
boiling is essential to the complete separation of the magnesia. The 
carbonate of magnesia was collected on a filter^ washed with boiling 
water, then dried and ignited. The quantity of magnesia thus 
obtained was 2*655 grains ; by calculation it should be 2*557. 

The filtrate whicJi oimtained sulphate of potoah, sulphate of soda, 
and excesa of csrbonate of soda, was then slightly acidnlated with 
aolphuric add^ to convert the carbonate into sulphate, so that 
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Sliijjhuric acid should be the only acid present. The liquid was lastly 
evaporated to dryness in a porcelain crucible, and the residue strongly 
ignited to render the sulphates neutral ; carbonate of ammonia being 
added to remove the last portions of the excess of acid. The residue 
gave : 

Sulphate of potash + sulphate of soda = 24*015 gr« 

Now it must be remembered, that 10 grains of diy earbonate of 
soda were introduced at the beginning of the process ; and 10 grains 
of carbonate yield 18*4 grains of anhydrous sulphate. Deducting 
this from the weight of the mixed sulphates^ we have 10*616 grains 
of sulphate of potash^ which corresponds to 5*78 of potash. The 
calculated qusntity is 5*84. 

In a second experiment, conducted in the same manner, the 
quantity of magnesia was 2*56, and that of potash, 5'77. 

The following table contains the results of the two experiments 
calculated to 100 parts, and likewise the mean of the two. The 
fourth column gives the theoretical quantities, according to the 
formula : KO, SOg + MgO, SO3 + 6 HO ; and the last column 
gives the differences between the third and fourth. The quantities 
of sulphuric acid and water of crystallization were likewise deter- 
nuned by the usual methods, m order to prov e that the salt was of 
definite constitution. 





X. 


II. 


Mean. 


Calculation. 


Difference, 


Magnesia 


10-24 


10-22 


10-23 


10-23 


0-00 


Potash . 


2308 


22-92 


2 a 00 


23 36 


0-3G— 


Sulphuric acid 


39 40 


39-76 


39-58 


39-68 


010— 


Water . 


26-96 


26-92 


26*94 


26-73 


0-21 + 




99-68 


99-82 


99-75 


10000 





It will be seen from this^ that the process is capable of affording 
very good results. To ensure accuracy, however, it is absolutely 
necessary that the solution, after the carbonate of soda has been 
added to it, be well boiled for at least hslf-an-hour. The object of 
this continued boiling is to decompose a difficultly soluble double 
carbonate of soda and magnesia, which is formed on the first addition 
of the alkaline cacthomlte,* The csrbonate of soda must likewise be 
added in considerable excess; otherwise, the precipitation will not be 
complete. The precipitate of carbonate of magnesia must be washed 

* Tide Roa/tf Nonnan^'t Tnadstioii, ti. 35. 
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with Ixnling water^ snd the washing not too long continiwd ; for tiio 
carbonate is not completely inaoliible. The washing should be dis- 
continued as soon as the wash-water ceases to gire a durtinct aUudine 
re-action ; when this takes pUuse, the« water begins to dissdve the 
carbonate of magnesia. 

When, as in the above examples^ the quantity of magnesia can be 
approximately estimated beforehand, it is easy to Mlcdate the 
quantity of carbonate of soda required to predpitate it; considersbly 
more than that quantity shouldj however, be used. But if no such 
estimate can be formed — snd this will generally be the ease — a certain 
quantity of the carbonate of soda may be weighed out, and ihea 
added in small portions at a time, till the liquid becomes strongly 
alkaline. The residue may then be weighed, and the difference ot 
the two weighings will give the quantity used for the precipitation. 
When a quick approximation is desired, rather than a very accurate 
result, u iulution of known strength may be used, and the quantity 
determined by a graduated measure. But where errcat accuracy is an 
object, the method of weighing is much to be preicnt d. (jieat care 
should, of course, be taken, that the carbonate of soda is absolutely 
pure and anhydrous. The best mode of preparing it is to ignite the 
bicarbonate or sesquicarbonate. 

In the above examples, the magnesia and alkali were in the form of 
sulphates. If they are in the form of chlorides, the determinatioa of 
the alkali will be easier ; because the excess of hydrochloric acid is 
more easily driven off than that of sulphuric acid. If they are in the 
form of nitrates, or if two or more acids are present, it is best, after 
separating the magnesia, to add sufficient sulphuric acid to convert 
the wliulc into sulphates. 

AVhen both potash and soda are juesent, the best plan will be, 
after precipitating the magnesia, to convert tlie alkalis into chlorides, 
which may always be done; then detcrFnijie the total weight of the 
alkah'ne clilorides ; deduct the weight of chloride of sodium equivalent 
to the carbonate of soda used; and lastly, estimate the quantity of 
chloride of potassium in the usual manner by precipitation with 
bichloride ot platinum. 

The same method is applicable to the separation of nickel, cobalt, 
and zinc from the fixed alkalis. The usual mode of effecting this 
si'paration is by means of sulphide of ammonium. But this method, 
though practicable, is attended with very great difficulties ; for the 
sulphides of these metals arc, to a certain extent, soluble in excess of 
sulphide of ammonium; and if an excess of this reagent be not used. 
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and the precipitate not washed with water containing it, the precipi- 
tate oxidizes, and is converted into a soluble sulphate^ which runs 
through the filter. 

The ffillnwino: examples will show that the method of precipitation 
with a kTio\vn weight of carbonate of soda, gives results as accurate as 
those obtained with the maL:uesia-salt. 1 omit the details of the 
process, as they are exactly similar to those above descnhctl. Tlie 
quantities of sulphuric acid and water are likewise given, for the same 
reason as in the former case. 



Sulphate of zinc and potash, ZnO, SO3 + KO, SO3 + 6 HO 





Exp. 


Calculation. 


DifTerence. 


Oxide of zinc . 


18-08 


18'M 


0-36— 


Potash . . • 


21-08 


21*22 


014^ 


Sulphuric acid • 


35-88 


3606 


Ols- 


Water • 


24-73 


21-28 


ons + 




99-77 


100-00 




Sulphate of nickel and potash, Ni 0, SO3 + KO, SO3 + 6 




Exp. 


Calculation. 


Difference. 


Protoxide of nickel • 


17-12 


1716 


0 04— 


Potash . . • 


21-52 


21-55 




Sulphuric add . • 


36-35 


36.62 


0-27— 


Water. • 


24*96 


24*67 


0.29+ 




00 0^ 


10-000 





The same precautions are nccL ssary lis 111 the case of magnesia, viz: 
to use a considerable exce^^s oi carbonate of soda^ boil for along 
wash with boiling water, and not too long. 

The examples above given are sufficient to illustrate the method. 
I have GBoaed it to be tried in a great number of instances by pupils 
working imder my direction in the laboratory of UniTeruty Collcpre. 
The xeanltB are always satisfactory when due attention is paid to the 
precaatians above specified. I now lay it before the Chemical Society, 
in tbe hope that it may contribute somediing towards the removal of 
an acknowledged difficulty in analysis. 
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XL — On the ConymUion of MeriiUole, and s&me of Hi imoatiike. 

By J)&. A, W. lioi"MAi\N. 

We are indebted to Sir fiobert Kane for ^e investigation of an 
interesting class of compounds, arising from the decomposition of 
acetone.* The general result of these researches was Uie exhibition 
of a remarkable analogy in the nature of tiiia body to that of an 
alcohol. 

The original formula for acetone, as resulting from Dumas' and 
Idebig's analyses, was : 

C3 H3 0, 

representing an equivalent of an acetate, minus an equivalent of a 
carbonate ; a formula which, subsequently, when Bumas determined 
the density of the vapour of this liquid, was doubled, on the supposi- 
tion that its equivalent oorreqionded to 4 volumes of vapour. 

The products of decomposition of acetone, afforded an additional 
support to the formula : 

C,H,0„ 

as representing the equivalent of this body, which, according to the 
experiments of Kane, we have to ctmsider as the hydrated oxide of a 
compound radical, mesityl, analogous to methyl, ethyl, and amyl : 

HO, H5 O. 

In fact, Sir Robt rt Kane succeeded in isolating the oxide of this radical, 
as also in combuiuig it with sulphuric and phosphoric acids, and in 
preparing the chloride and iodide(?) corresponding to the oxide. He, 
moreover, obtained a liquid hydrocarbon, which he described under 
the name of mesitilene (mesitilole), and which he considered as repre- 
senting, in his new series, the olefiant gas of common alcohol. 

So far the analogy is complete ; we may add even, that since that 
period an acid has been discovered which, in the mesityl-series, 
would correspond to the acid terms of the other alcohols. We know 
that all true alcohols, by losing two equivalents of hydrogen, and 
assuming two equivalents of oxygen, pass into a class of acids of 
which formic, acetic, and valerianic acids are familiar instances. 
Now aeryUc acid (acronic acid, Berz.), which Prof. Kedtenbacher 
discovered among the derivatives of glycerin, stands to acetone 
exactly in the relation whidi exists between common alcohol and 
acetic acid. 

C, He 0, + =:C4H,0, 

^ » ^ ^ Y ' 

Alcohol. Acetic acid. 

* *'0a« leviet ^cooibbistioiii derived limn PTroMetie Spink," BabUn, 1838. 
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Cg He 0^ — Ha + Oa = CgH^ 
Acetone. Acrylic add. 

Acrylic add has not yet been prepared from acctoaCi whicb, wben 
subjected to oxidizing agents, is converted into acetic and formic 
acids ; but if we consider tbe great facility witb wbich^ according to 
Kcdtenbacber's experiments, acrylic acid is itself converted into 
these two acids, we may still, perhaps, hope to arrive at this result 
by a judicious selection of the proper oxidizing agent. 

These observations sufficiently prove that acetone exhibits, in a 
remarkable manner, the characters of an alcohol ; nevertheless, 
our views respecting the nature of this compuund appear to be by no 
means settled. Indeed, the progress of science has not failed to 
raise a series of objections to the opinion, which, at the time of Sir 
Robert Kane's experiments, appeared most probable. 

The extreme instability of the mesityl coni]>ound8, at oiice distin- 
guishes tins group of bodies from the derivatives of the regular 
alcohols, from which it ditiers, moreover, in the ratio of the carbon 
and hydrogen equivalents. The impossibility of reproducing acetone 
from these derivatives, and the diffei-ence in tlie constitution of 
Biilphomesitylic and suiphovinic acids, likewise appeared to discouu- 
tenaiift the reception of acetone into tbe group of well-established 
alcohols. The former of these objections has lost some of its weight, 
since, in the cyanides of the alcohol-radicals, we have become 
acquamti d with a class of alcohol-compound?* Ukewise irreconvertible 
into tbe origmal trnns, whilst the latter miglit, perhaps, be removed 
by a closer investigation of sulphomesitilic acid and its compounds. 
Be this, however, as it may, the state of our knowledge respecting 
the derivatives of acetone, clearly proves that this field has not yet 
been sufficiently explored. 

The following pages contain a small contribution to the history of 
mesitilole, one of tbe most interesting among tbe acetone-descendants, 
which tbe researches of Sir Robert Kane have elicited. 

To trace tbe analogy of acetone and alcohol, this chemist naturally 
du*ected his attention to the action of dehydrating agents on the 
former. He found that sulphuric acid readily decomposed acetone, 
ghrmg rise to a variety of products, among which an oxigenated ' 
liquid* oxide of mesityl, according to Kane, the ether of the series, 
aad an oily carbohydra^n (mesitilene), the representative of olefiant 
gas, are enumerated. 

I have repeated this reaction with precisely the same results. On 
distilling a mixture of 2 v<dmne8 of acetone, and 1 volume of con* 
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oeutnited salphurie aeid^ a dutillafe is obtained eonnstiDg of an 
aqneouB Bolntion of solphnrous acid^ on the wxdm of which an oily 
'liquid floats, whilst a dark-brown rendue remains in the retort. 
BedistillatioD of this hqiud, after washing with water and drymg, 
evinoed at once the compound nature of the oil^ whidi eommenoed to 
boil at shoat 100^ G. (212<» F.), the b(Hling.point rinng gradually to 
upwards of mfi C. (482^ F.) My ait^tion being chiefly directed to 
the carbo-hydrogen, which, accordiog to Kane, boils at 185® C« 
(275^ Y.), I collected the distillate, passing oyer between 120^ C. 
(248° F.) and 160^ C. (3200 p.) separately. On repeatedly dis- 
tilling this quantity, I, however, soon found that the boiling tempe- 
rature of the substaDce I was in search of, was much higher than 
135*^ C. (275 F.) ; I was consequently obliged to fraction the whole 
portion, passing over ill tlic first distillation between 120^ C. (248^ F.) 
and 200'' C. (392^ F.) Affcer VL-ry iiumeruus distillations ii iiqiud was 
obtained, boiiiiig pretty constantly between 155" C. (311- F.) and 
160*^ C. (320*^ F.), which possessed all tlie propurtiis Sir Robert 
Kane attributed to his substance, excepting the boiling-pomt, to the 
diflference in which I have alluded above. 

The analysis of mesitilule origiuaily led to the ratio of carbon and 
hydrogen equivalents — 

Cj Ha, 

but both the formation of the new body, as bemg derived from 
acetone, and the products into which it is converted under the 
miluence of various agents, proved at once that the equivalent of 
mesitilole was higher. In fact, the preparation of a beautiful crystal- 
line body, by the action of chlorine upon mesitilole, and described by 
Kane under the name of chloride of jjteleyl, compelled him to double 
the above formula into the follovdng expressions : 

Mesitilole . .* • . • Cg 
Chloride of Pteleyl . . ^^{cf} 

a change which rendered the tranafonnation of acetone peifectly ana* 
logons to that of akohol under the same eiienmatanees : 

Hg O3+2H SO^=C^ H^+2(H SO^ HO) 

Akohol. Okfiant gal. 

Cg He 0,+2H S04=C6 H, + 2(H SO, HO). 
Acetone. Meaitilok. 
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This formula for mesitilole appeared to be confirmed by the com- 
positioii of the corresponding bromine* and nitro-compuimck : 

BronuDe-eompoimd • • » ^6{Br } 

Nitro-eompoand • • « • ^^InO } 

whidi, b\ a later period^ were discoveied by M. Gahoun* The determi^ 
naftioiiB^ however, of the denaity of the TBpoor of mesitikde, in whieh M. 
Cahoon had hoped to ohtom farther support for this fomrak, gave 
xesoltB which iaduced many chemists to double again the formula 
of mesitilole. According to Cahours' density, one equivalent of this 
substance would contain only two volumes of vapour, whilst all other 
hydrocarhona, whose equivdents have been ascertained by metamor- 
phoses, have been found to correspond to four volumes of vapour. In 
het, we know as yet no exception to this general rule. Olefiant 
gas, Faraday's gas, Amilole, Cetole^ Benzole, Toluole, Naphthalole, 
&c., substances, the equivalents of which we may consider as fixed 
both by thdr origin and by Ihdr descendant^ all contain invariably 
lour volumes of vapour in one equivalent. These considerations 
have pretty generally led to the adoption of the following formube 
for the mesitilole series : 

Mesitilole 

r H 1 

Chlorine-compound, . • ^isici^ J 

Bromine-compound. * * ^s{Br } 

Nitro-compound • • • ^^^{^O } 

All the observations which we possess respecting this group appear 
to find a satisfactory ezplanatiim in the assumption of the above 
formula : there is only one property of mesitilole which does not well 
agree with this expression, viz.: its boiling-point. In the present 
state of our knowledge respecting the boiling temperatures of liquids, 
the discrepancy of the actual boiling-point of mesitilole, and the tem- 
perature at which we should eipeet the ebullition of a liquid repre- 
sented by the formula 

could not fail to throw some suspicion on the exactness of this ex- 
pfeasion* If we recollect that the accurate experiments, both of 
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Mr« ManBfield'l' and Dr. Kopp.f have £ied the boiling-point of 
benaole at 80^ C. (176"* F.), we cannot but be surprised to find a 
liquid of very similar oonstitutionj containing the same number of 
equivalents of carbon, and . even more hydrogen^ boiling at so 
much higber a tempcratore. An increase in hydrogtii almost 
invaiiably depressing tbe point of ebullition of a compound, we 
should expect to see mesitilole boiling rather at a lower than at a 
higher temperature. This dreumstanoe has not escaped Leopold 
Gmelin, who in his Handbook:t alludes to this discrepancy. lie 
attributes, however, to the presence of substances possessing a higher 
boiling-point in the crude product after the action of sulphuric acid 
upon acetone, that the boiling-point of Kane 135^ C. (275^' F.) had 
been observed too high. He mentions likewise that the boiiing-point 
would correspond more closely with a substance of the formula : 

Hi2. 

We shall see directly that this formula actually r^iesents the com- 
position of mesitilole. 

The purification of mesitilole is attended with considerable diffi- 
culty and although working on rather a large scale. I have not been 
able to obtain a perfectly fixed temperature for this substance; but 
numerous experiments, made both by Mr. Maule and myself, have 
proved that this point is decidedly between ISS** C. &IV P.) and 
leOP C. (3200 ^ ' 

This boiling-point of mesitilole, higher even than had resulted from 
Kane's experiments, could not fail to invite me to a few experiments 
with this body, in ordor to obtain farther data for establishing its 
composition. It appeared by no means imposaible that, by the 
moderate action of decomposing agents, substances might be pro- 
duced differing in composition from those hitherto obtained, and 
thus afford a key for the solution of the question* 

Aeiion of Bromine on MesUUole.-^Vie inferior affinity for hydrogen, 
which distinguishes bromine from chlorine, naturally directed my 
attention first to this powerful salt-fonner. Bromine was added 
carefully, drop by drop, to mesitilole, waiting each time until the heat 
evolved had aubsided, and taking care to keep the hydrocarbon ia 
excess. Mesitilole is thus converted into a white crystalline compound, 
which was freed from hydrobromic acid by washing with water, in 
which it ia perfecdy insoluble. Two or three crystallizations from 
boiling alcohol render this compound absolutely pure. It presents 
♦ Jouni« of the Chem. Soc. VoL i. 244. f Pogg* Aum Bd. lxxii. 1 and 223. X Vol. IV» 
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itself in white needles, which are volatile without decomposition^ 
and are not changed by ebullition with either potash or ammonia. 
Analysis gave the following results : 

I. 0*3595 grm. of bromine-compound gave ; 
0*4048 „ „ carbonic add, and 
0 0905 „ „ water. 
II. 0 0223 „ bromine-compound gave : 
0-3540 ,j bfomide of silver. 

Per«-centage composition : . 

I. II. 

Carbon . . . 30'70 — 

Hydrogen . . . 2*79 — 

Bromine ... — 66-68 

These numbers lead exactly to the composition of M. Cahoun^ 
bromine-compound, corresponding with either 

c. {b*' } « 

^-ik } 

Theory. Esperiinciit 

12 equiv. of Carbon . , 72-00 30-70 30-70 
6 „ „ Hydrogen • . 6 00 2 56 2*79 

2 „ „ Bromine • • . 78-86 66 74 66*68 

1 equiv. of Bromine-compound 156*26 100 00 100*17 

The properties of the substances likewise prove their identity. 

Action of NUrie Add on MentUoU, — The action of this acid on 
the earbohydrogen haa been likewise studied by M. Cahours. On 
treating mesitilole with concentrated nitric acid^ he found that a dark 
yellow oil was produced, which did not present a sufficiently definite 
duuraet^ for analysis ; by employing^ however^ a mixture of concen- 
trated nitric and sulphuric acids^ he obtained a beautiful crystalline 
compound, which^ when purified by washing with water and repeated 
crystallimtions firom alcohol, or by sublimation, exhibited the lustre 
of metallic silver in a remarkable degree. Analysis proved this com- 
pound to be either : 
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My experiments have led inc to the same result. By acting either 
with the sulphuro-nitric inixture, or with fuming aeid alone, I have 
obtained this compound with all the properties which M. Cahours 
has assigned to it. To his d^cnption I need only add, that this 
substance dissulveb with extreme difficulty in boiling alcohol and 
ether, but is easily punticd by crystallization from acetone^ in which^ 
as Mr. Maule has found, it readily dissolves. 

The following numbers were obtained on analysis: 

0*2210 gnn. of Bubstsnoe gave : 
0-3415 „ carbonic acid^ and 
00770 „ water. 

The per-ccntage obtained from these numbers closely corresponds 
with the formula : 

as exhibited in the following table : 

Theory. Experiment. 



12 eqmv. of Carbon ... 72 

6 „ „ Hydrogen . . 6 

2 „ „ Nitro;>en . . 28 

8 „ „ Oxygen ... 82 



42*85 4^*14 

3-53 3-87 

16-i8 — 

37-64 — 



1 eqiiiy. of Nitro-componnd 138 100*00 

So far uiy endeavours were attended with but little success. 
By employing nitric acid o£ inferior strength, however, I obtained 
at once a different result. 

Mesitilole, when boiled with dilute nitric acid is very gradually 
attacked, it turns yellow, and loses part of its fluidity. After 
repeated distillations, it is converted into a yellow oil, showing a 
tendency to crystallize. This oil is evidently a mixture, and I have 
not been able to effect a separation, too snudl a quantity of mesitilole 
being at my command. By substituting nitric acid of moderate 
concentration, however, for the dilute acid, a few distillations were 
sufficient to convert the whole of the mesitilole into the crystalline 
compound, which presents itself in very fine needles, semetuncs 
several inches in length. 

These crj^stals were washed with water, and finally recrystallized 
from alcohol : the facility with whicli they dissolve in this liquid, 
directly showed me that I had a substance in hand perfectly 
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diiferent from the previous nitro-compouiid, which it resembles in 
many other respects, especially in its outward appearance^ and its 
volatility without decomposition. 
Analysis gave the following results : 

1. 0*2915 gnu. of substance gave : 



0-5445 


f9 


99 


carbonic acid^ and 


01310 


if 


99 


water. 


II. 0-2050 


9$ 


99 


flubstanoe gave : 


0-3840 


M 


99 


carbonic addj and 


0 0915 


»$ 


99 


water. 


m. 0-2280 


ft 


99 


•obatance gave : 


0-4280 


99 


99 


carbonic acidj and 




99 


99 


water* 



Fer-eentage eompoaition : 

I. n. in, 

Cai^ 50-94 51*08 . 6M5 

Hydrogen .... 4 95 4*95 6'01 

These numbers closely correspond with the formula : 

C,H,NO«, 

wbidi has to be doubled into 

the expression 

Cg Hg 

not being xeccmcileable with the formoke for the other derivatives of 
mcaitilole. 

Theory. EzperimeiiL 

18 equiv. of Carbon . • • 108 
10 

99 99 Hydrogen . • 10 
2 „ „ Nitrogen • • 28 
8 „ J, Oxygen ... 6i 
1 „ „ Nitro-compound — 

210- 100-00 ' 

Its subsequent transformation into nitromesidine by Mr. Maule, 
altogether precluded the necessity of determining tbe nitrogen in this 
oompoimd* 

The existence of a body of this nature can leave no doubt respect- 
ing the true formula for mesitilole* It is evident that a compound of 



51-42 5107 

4-76 4*98 

13-35 — 

8047 — 
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the indicated composition can be derived only from a carbo-hydrogen 
of the formula : 

which I consider as the true expression for the equivalent of 

mesitilole. 

The formula of mesitilole, becomes thus identical with that of 
another rarbo-hydrogea which is found among the derivatives of 
cuminic acid, viz., with cumole. These substances are, however, far 
from beiog actually identical. It is only necessary to compare the 
odour of the two liquids, and their comportment with reagents, in 
order to remove ever)' doubt upon this head; still these substances, as 
might be expected, exhibit a remarkable analogy in their physical 
properties, their boiling points being indeed so near each other, that I 
do not despair of finding that they are actually identical. The 
boiling point of mesitilole is, as I mentioned, probably between 
155« C. (3110 p.) and 160<> C. (320« F.) ; for the boiling temperature 
of cumole we possess three different observations, respectively an- 
nouncing it to be at 144" C. (29P F. Gerhardt and Cahours*), 
1480C. (299° F. Abelt), and 1530C. (308<^ F. GerhardttO It » 
not impoBsible that these two liquids boil actually at the same 
temperature. The compounds^ too^ arising from the reaction of 
nitric acid upon cumole present a certain analogy, although here 
likewise we meet with discrepancies. We have become acquainted 
with nitrocumole and dinitrocumole, but a trinitro-compound 
corresponding to trinitromesitilole, for such the nitro-compound 
first described must henceforth be considered, has not been formed, 
although M. Cahours subjected both hydro-carbons to exactly the 
same treatment. 

In adopting the new formula for mesitilole we interfere, as is easily 
seen, in no way with the former results, all the analyses are perfc ctly 
correct, they have to be interpreted only in a different manner. There 
is, however, one observation which, 8^ least according to principles 
generally admitted, is no longer rcconcileable with the atomic com* 
position of our compound. This is the determination of the density 
of mesitilole as made by M. Cahours. If this determination be correct, 
—and we hav^scarcdy a better authority in experiments of this kind 
than M. Cahours, — one equivalent of mesitil<de would represent not 
less than 6 volumes of vapour, a number which has been never dhaerved 
in any similar case. All the well investigated hydro-caibons^ have* 

* Ann. de Cbim. eft de Phys. 3me Serie, i. p. 60. 

t Memoin of Chen. Soc. YoL in. pw 144. 

t Ann. de Chint. eft de Pliyi. Slbe Tom xiy. 111. 
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given hitherto iavaiiably 4 voliimet. It is pouible that the specific 
gravity of the meiitilole vflfonr is subject to aimikr wiatbns as 
have been obsenred with acetic^ butyricj valerianic aeids^ and several 
other compounds; it is possible^ likewise* that an equivalent of 
mesitilole Is actually represented by 6 volumes of vapour, and this 
anomalous eondensation may asust in eiplaining the difeenee 
between the 0(HiBtittttion of thk body and cumole, which, like the 
other hydFocsrbonSi eontains only 4 volumes of vapour. Be this, 
however, as it may, the subject requires further investigation. I 
have hitherto been prevented repeating the determination of the 
specific gravity, from not having obtained the hydrocarbon of a 
perfectly constant boiling-point. , 

The discrepancies existing between the theoretical and cxperiuicutal 
density of mesitilole, wheu expressed by the formula : 

compelled me to search for additional support for this Ibrmula from 
other iac ts. The action of sulphuric acid promised to afford some 
valuable results with reference to this question. 

Action of fuming sulphuric acid on mesitilole. — Mesitilo-sulpkuric 
acid. — Common concentrated sulphuric acid acts but very slowly 
upon mesitilole ; funjingacid dissolves it more readily, a reddish brown 
liquid being produced, which, when exposed to a moist atmosphere 
becomes gradually crystalline. The application of heat must be 
avoided, as it carbonizes the compound with the evolution of sul- 
phurous acid. The evolution of a small quantity of this gas cannot be 
prevented, even when operating in the cold. 

On diluting with water, the brown liquid becomes colourless, and 
yields, when saturated with an excess of carbonate of lead, a soluble 
lead-compound, insoluble sulphate of lead remammg. The lead- 
salt is extremely soluble both in water and alcohol, which renders 
it difficult of purification. However, by treatment with animal char- 
coal, and subsequent gradual evaporation, it may be obtained in 
beautiful white needles of perfect puri^ ; the analysis of this com- 
pound gave the following results : 

I. 0'3180 grm. of lead-salt gave : 
01580 „ „ sulphate of lead, 
il. 0-2853 „ lead-salt gave: 
01426 „ sulphate of lead. 

VOL. II, NO. VI, 1 
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IIL 0-8043 ,y 
a8979 „ 
0*1046 



99 



f, 1eiid*«alt gave : 
carbonic aeidj and 
water. 



Per-centage composition : 



I. 

33-05 



II. 
8415 



Lead .... 
Carbon . . . 

Hydrogen ... — — 
These iramberB lead exactly to the formula : 

Pb C„ Hu S, Oe = Pb SO^ C„ j g«>J 

as exhibited in the following table : 



III. 

86-66 
8-81 



1 equiv. of Lead 



18 
11 
2 
6 



i9 



99 



99 



99 



9f 



Carbon . 
„ Hydrogen 

Sulphur 
„ Oxygen 




Theory. 




Expcfiment. 


103-56 


34-22 


3405 


10800 


35-69 


35-66 


1100 


3-63 


8-81 


32-00 


10-58 




4800 


15-88 




302 56 


10000 





1 cq. of Mesitilosuljjliate of lead 

The analysis of this lead-salt prores^ that the action of Bulphuric 
aeid on mesitilole gives rise to a new acid^ perfectly analogous to 
byposulphobensolic and hyposulphocumolie acids, with the latter of 
which, our new compound ia identical in composition. 

The object of these ezp^ments being only to obtain a further 
confirmation of the new formnla of mesitilole, I have not studied the 
salts of this acid any further. I may mention, however, that it forms 
a crystallizable silver salt, which is likewise extremely soluble in 
water, and readily bhudttns when exposed to the light. 

The formula: 

^18 Hi2> 

which I propose for mesitilol, and ^vlJich receives further confirma- 
tion in the study of nitromesidine, a Ijeautiful alkaloid, discovered 
by Mr. iVIaule, removes this compound, to a certain extent, from the 
position originally assigned to it by Kane. We can no longer 
consider it as the representative of olefiant gas in the mesityl-series, 
it would much rather correspond Jto those liquid hydrocarbons which 
we invariably meet with in the dehydration of both vmic and amyhc 
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alcohols, and wliicli^ up to tbe present moment, have not been suffi- 
ciently investigated, scarcely anything beyond their isomerism with 
defiant gas being established. 

I cannot omit ^ere pointing out, that in mesitilole we have another 
instance of the remarl( able tendency, exhibited in cn tain molernlar 
systems, of uniting three atoms of an nifrnor ortK r mto one com- 
pound atorn of a higher position. Similar examples we possess in the 
interesting transition of cyanic ac id into cyanuric, in the solidification 
of chloi ide of cyanogen gas, and in the transformation of cyanide of 
ethyl into kyanethine. The natural product, too, which we should 
expect from the dehydration of acetone^ is a anbstanoe of the formula : 

and it is not improbable that this compound is actually forirud at a 
certain stage of the process; under the influence, however, of the 
{jowerful agent in the presence of which it is generated, we fmd it 
rapidly converted into a compound^ oontaining the triple number of 
equivalents. 

Finally, the correction of the formula for mesitilole affords a striking 
illustration of the valuable aswrtance which chemical studies are 
likely to derive from a more minute investigation of boiling tem- 
peratures. 

The following table exhibits a aynopna of the mesitilole series^ 
Mesitilole 

Trichloromesitilole G 

Tribromomesitilole . . . . • 

Nitromesitilole Cj 

Dmitromesitible C, 



Mesitilosolphuric acid . 







c,. 


t CL / 




t Br, / 






1 N0«/ 










{3N6J 




I SO J 




f 

NO, • 


I nhJ 



I 2 
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XII. — On NUromesidine, a new Organic base. 
Gboboe Maulb, Esq. 

STUOSKT or THB BOTAI* COX.X.BGK QW OHKMUTHT. 

The new researches upon the composition of mesitilole, pointing 
out, as they do, the remarkable isomerism of this substance with 
cumole, the carbo-hydrogen of the cuminic acid series, made it 
desirable to study some further derivatives of this body, in order to 
obtain additional evidence in favour of the new formula. 

No investigatiun appeared more appropriate for such a purpose, 
than that of the comportment exhibited by its nitro-conipounds with 
reducing agents. The formation of new alkaloids, corresponding to 
the nitro-compouuds of mesitilole, which was to be expected, and the 
simple and accurate methods which we possess of determining the 
equivalents of such bodi( s, promised to furnish a series of facts, par- 
ticularly calculated to control the exactness of the con-ected formula. 
Cumok when treated with nitric acid, gives rise to nitrocumole and 
dinitrocumole, two substances which have been converted into basic 
compounds by the action of hydrosulphuric acid. The former com- 
pound is converted into cumid'ine, investigated by Mr. Nicholson, 
whilst the latter yielded to ^1. Cahours the substance described by 
him a short time ago, under the name of nitronmudine. 

The existence in the mcsitiioic series of a body, isomeric with 
nitrocumole being still doubtful, Dr. liofmann mvitrd inc to ti*y the 
production of a hmc, corresponding in composition to nitrocumidine. 

The following paper contains a description of this new body, 
which is actually produced without difficulty, and for which I pro- 
pose the name Nitromesidine, instead of Nitromesitilidinej wliich 
would be the term for it, constructed according to analogy. 

On tobmitting an alcoholic Bolutioxi of dinitrocumole 

c.. } 

to the action of hydrosulphuric acid, the liquid assumes a dark 
colour, and deposits gradually a large quantity of sulphur, whilst 
the odour of the hydrosulpliunc acid disapyjears. This treatment is 
continued for several days, until a fresh quantity of hydrosulphuric 
acid is no longer decomposed. On the addition of liyebocldoric acid, 
sulphur is again precipitated, which is separated by filtration, when 
a dear liquid is obtained, wbich yields a copious yellow deposit, wbea 
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mixed with a solution of potash or ammonia. This precipitate is 
nitrouiesidiue in an impure state. 

To purify this substance, it is repeatedly dissolved in hychochloric 
acid, and rcprccipitatcd by an alkali. In this manner, small quan- 
tities of still-adhering sulphur are 8r})arated, and the substance 
gradually assumes a bright yellow eolour. One or two crystalliza- 
tions from alcohol now 8uj£ce to render it absolutely pure. 

Composition of Nitromendinp. — The following aunlyses were made 
oil crystallized spc( iiuLus of pure nitromesidiiie, prepared at different 
periods, and dried at lOOO C. (212° F.) 

1. 0*2861 grm. of substanee gave : 
0*6309 j» carbonic acid, and 
0*1716 „ „ water, 
n. 0-2072 „ substance gave : 
0*4561 „ „ carbonic acid, and 
01264 „ „ water. 
III. 0*2264 „ „ substance gave : 
0*4967 „ „ carbonic add, and 
0-1387 „ „ water. 
Per-oentage composition : 

I. II. m. 

Carbon. . . 00*14 00-08 69*85 
Hydrogen . . 6*66 6*77 6*80 

A determination of tbe nitrogen according to Bunsen's method, 
gave the following results : 

Level Id VoL Level of VoL at 

tabe. eonr. mercury Tempi. Bar. pme. and e*. 

mtroqg^. G. 

Mixture of car- 

aua 'mtrogei \ *** * ^ ^^^"^ 

moist. J 

Dry nitrogen. 19 i 17*2 250 0 9 5 773*5m* 9*362 

Ratio of carbon and nitrogen equivalents ; 

89*6606— 9-362 : 9*362 s 100: 

Calculating from the mean per-centage of carbon ibnnd (60*01) 
ibis ratio leads to 16*3 per cent of nitrogen. 

Althoagh this result is not so near as those usually obtained, I 
mention it as a confirmation of the formula lesultinc from the above 
analyses, which is: 

H,3 0„ or C,, { JJia^ J N, 

as will be evident from the following table : 
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18 equivis. Carbon 
12 „ Hydrogen 

2 Nitrogen. 

4 „ Oxygen . 

1 „ Nitromesidine 



Tlieofy. Mean ol expQjmcalt. 

108 60 00 60-01 
12 6-67 6-74 
28 15-55 16-81 
32 17 78 — 



180 100-00 

Properties of Nitromesidine. — This substance is obtainedi when 
pnre, in long needle-shaped crystals of a golden yellow colour. The 
crystals fuse into a liquid at a temperature below 100^' C. [212^ F.) 
and solidify on cooling into a mass of radiated needles. They vtt 
very soluble in alcohol and ether^ and also slightly so in water, to 
which they impart a £unt yellow colour. Nitromesidine volatilises 
without decomposition at 100^ C. (212*^ F.) its vapour bums with a 
bluish flame. Its solutions are neutral to test paper^ and have an 
unpleasant bitter taste. 

Compoundi qf NUromewHM, — ^Nitromesidine dissolves readily in 
acids forming crystalline sslts ; its basic power is however very feeble^ 
most of its mlts are readOy changed ; all those which I have obtained, 
with the exception of the platinum double sslt, and the phosphate 
are actually decomposed by mere contact with water. Th^ are 
soluble in idcohol, and thdr solutions possess an acid reaction. 

Ifytbroehhriiie qf NitrmnesiSne, — To prepare this salt the base is 
dissolved in dilute hydrochloric acid, and the solution evaporated. 
When now albwed to stand, the salt erystallices in colourless needks. 
This salt being decomposed by water, the solution was evaporated to 
dryness on the water bath, and allowed to remain unt£l*the free acid 
was completely expelled. It was then dried at 100^ C. (212^ F.) 

0-3148 grni. of the salt gave : 
0*5716 „ „ carbonic add, and 
0'1708 „ „ water. 
0*1593 f, „ the salt gave : 
01051 „ chloride of nlver. 
The above analysis corresponds with the formula : 

C,glH,aN,04HCl, 
as the foUovring table shows : 

1 8 equivs. Carbon . 
13 „ Hydrogen 

2 „ Nitrogen 

4 „ Oxygen , 

1 „ Chlorine 

1 „ Uydrochlorate 



Theory 


BxpcrinMBt. 


1080 


49-89 


49-52 


130 


600 


GOl 


280 


12-93 




32-0 


14-78 




35-5 


16*40 


16*32 


216-5 


10000 
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Btcktoridg of Plaihum und NUmm^tAHiM, — ^Whea an excess of 
bidiloride of pktiiMim is added to a hot saturated solutioii of the 
sbove salt^ the liquid, on coolings deposits the doable salt <^ nitro- 
mesidine and bichloride of platinum in groups of yellow crystals. 
To free the salt from an excess of bichloride of platinnm^ it 
was washed with water, and afterwards crystallized from alcohol. 
To control the formula^ and ascertain tlie atomic weight of the snb- 
stance, four careful determinations of platinum were made in speci- 



mens of the salt prepared at different times. 


1. 0-2122 


grm. 


of platinum salt yielded 


0 0544 


n 


platinum. 


U. 0-2587 


99 


,y platinum salt yielded 


00661 


99 


„ platinum. 


m. 01625 


99 


,j platininn salt yielded 


0-0410 


99 


platinnin. 


IV. 0-18UG 


99 


„ platinum salt yielded 


0-0462 


99 


„ platinum. 


V. 0-3358 


99 


platinum salt yielded 


03470 


99 


„ carbouic acid, and 


0-1083 


99 


water. 


VI. 0 3741 


99 


plritinuni salt yielded 


0-3838 


99 


f, carbonic acid, and 


0-1167 


}y 


water. 


These numbers give for 100 parts : 


I. 


II. 


in. IV. V. 



Platinum . 25*63 ^-55 25-23 25-58 — — 

Carbon . , — — — — 2818 27-97 

Hydrogen . — — — — 3-58 3*46 
leadhig to the formula : 

Ci8 Na HCl, Pt CIj, 
as the fbUowing calculated numbers will shew : 

Tkooaij. Mean of experinMnto. 



18 


equivs. 


Carbon . 


108 00 


27-96 


28-07 


13 


99 


Hydrogen ♦ 


13-00 


3-36 


3-60 


2 


99 


Nitrogen . . 


2800 


7-25 




4 


99 


Oxygen . . 


32-00 


8-30 




1 


99 


Platinum , . 


98-68 


25-55 


25*49 


8 


99 


Chlorine . . 


106-50 


27-58 




1 


}} 


Platinum salt 


386-18 


100-00 





Sulphate of NUromesidine. — ^When the base is dissolved in boiling 
dilute sulphurie add, the solution deposits, on cooling, white silky 
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erystals of the Bulpbate. This salt is decomposed by water^ the base 
being separated ; its axudysis was^ therefore^ abandoned. 

Nitrate of NUrommdme, — ^This salt is formed when nitromesidine 
is dissolved in dilate nitric acid. The solution on being evaporated 
with an excess of free nitric acid is decomposed when the evapora- 
tion feaehes a certain point, red nitrous fumes being disengaged, and 
a zed oily product of decomposition remaining. 

Triboiic Pho^hate of Nitromesidine, — When the base is dissolved 
in a solution of phosphoric add the salt OTStalfisses in leafy crystals 
of a beautiful lemon-yellow colour. It may be washed with water 
without decomposition. The salt^ after the removal of the free acid, 
is perfectly pure. A portion of the salt dried at 100" C. (212^ F.) 
gave the following results : 

I. 0 2471 grm. of the salt gave : 
0*4580 „ „ carbonic air, and 
0'1413 „ water. 
IL 0*3058 „ „ the salt gave : 

0 0529 „ „ pyrophosphate of magnesia, 
which agree with the following formula : 

3 (H H,, OJ, PO^ 
as is shown by reference to the following numbers : 

Theory. Experiment. 



54 cquiv. of Caibon . 
39 „ „ Hydrogen 

6 „ „ Nitrogen . 
20 „ „ Oxygen . 

1 „ „ Phosphorus 



3240 50-70 50-54 

390 6-10 6-35 

840 13-14 — 

160 0 25-06 — 

32-0 5-00 4-86 



1 cquiv. of Phosphate . . 639 0 lOO'OO 
If a larp:e excess of phosphoric acid be employed, an acid salt is 
obtained^ which appears to contain only one equivalent of nitro- 
mesidine. 

Products of Decompa^iiion of Niiromcsidine. — The small quantity 
of substance at my command, and the tedious processes requisite to 
obtain nitromesidine, have prevented my studying, to any great 
extent, the products of its decomposition. 

Actum of Bromine and Chlorine on Nitromesidhie. — When nitro- 
mesidine is brought into contact with bromine^ a violent action takes 
place, and the resulting; compound is a dark oily substuncr. This 
reaction is interesting, as sliowiiig the difference between nitromesidine, 
and its isomeric compound, iiitrocumidinc ; the latter substance^ 
when acted on by bromiQC, yielding a crystalline solid. 
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An alcoholic solution of nitromesidine, when exposed to the action 
of chlorine, yields a pinkish solid, w liich is soluble in boiling ether, 
and from which it separates ori cooling. 

The reduction of trinitromesitilole by hydrosnlphuric acid appeared 
of great interest, since no nitro-compoimd containing 3 atoms of 
hyponitric acid has, up to the present moment, been subjected to 
such treatment. Trinitromesitilole is very difficult of reduction ; I 
have submitted a considerable quantity of the substance to the action 
of hydrosnlphuric acid for several week*?, and found at the end of that 
period a very small quantity liad b( eii acted on. T have, however, 
obtained a suffiricnt (junntit^ of the product to establish the existence 
of a basic < <iiii[)ound, produced i'vom trinitromesitilole^ fdthoup^h the 
small amount of this substance, and the diihcuity of obtaining it 
sufficiently pure, has compelled me to defer its eiuimination to a 
future period. 



March 3, 1849. 
The President, in the Cliair. 

August W. Hofmann, Ph.D., was elected a member of the Society. 
The following papers were read : 

XIII. — On the compounds cotdaining Phosphorus and NUrogen, 

Bt J. U. Glaiwtone, jPhJ). 

Davy was tlie first to describe any of the eombinationB contsining 
both pbosphomt and nitrogen, and since his time the subject baa 
engaged the attention of Rose,* Liebig,t and Gerbardtt Whilst 
the singularity of their composition, and tbe remarkable stability 
which could not have been anticipated in snch compounds, give them 
a peculiar interest, there exist great diser^ndes between the 
accounts of them given by different chemists. At tbe instigation of 
Professor Liebig, I commenced some time ago an examination of the 
matters in dispute, and I have subsequently been led to extend my 
researches. I shall now lay before the Society my investigations 
upon some of the doubtful points, and I hope shortly to present a 
second commumcatiuu upon other compounds^ into which the same 
two elements enter. 

When pentachlonde of phosphoras is thoroughly saturated with 
dry ammoniacal gas, a bulky w hite })owder is produced, consisting of 

* Poggendorft''^ Ann, \V>1 xx^ iir. p. 529. 

t Liebig's Amiulcu, Vol. xi. i'art. 2. 

X Ana. de Chimie, Sine. %h, Octobre, 1B46. 
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chloride of ttmmomiini, dilorophosphiiFet of nitrogen, and a peculiar 
substance^ whieh, ifhea thrown upon a filter, and washed for a long 
time with hot water, is reaolyed into chl&ride oi ammonium, and a white 

insoluble powder containing no chlorine in its composition. Wdhkr 
and Liebig, the first discoverers of this latter substance, were led to 
regard it as the hydrate of the phosphuret of nitrogen bearing the 
formula P (2 HO). Gerhardt, on the contrary, assigns to it the 
composition PlI^ Oj, being, in fact, phosphate of ammonia, minus 
hvc atoms of water 2 (Nll^ O) VO, ^ 5 110 = PNo Og ; and, 
although not containing the ekmeuts of umidugeu, lie terms it 
phosphamide. 

Two methods of preparing the substance from the bulky white 
powder are given. The one consists in washing it with hot water until 
no more chlundc uf ammonium is produced ; but as the washing may 
continue for a fortnight before perfect purity is obtained, this process 
has the disadvantage of being very tedious. Or it may be boiled 
alteriiatf ly \\ ith potash and nitric acid, until a portion after being 
\vash( (1, dried, and heated in a tube, gives no sublimate of chloride of 
aniiiiouium ; this process, however, proved very destructive to the sub- 
stance itself. The plan I found preferable was, first to purify the 
powder li oiii chlorophosphuret of nitrogen, which is an invariable con- 
comitant, either by dissolving out the latter with ether, or, as is better, 
by boiling the whole mass in water, when the chlorophosphuret is 
volatilized along with the steam ; and then to keep the substance 
imiiicrsed in water in brisk ebullition for five or six hours. As the 
liquid coutainmg the solid matter is subject to very violent succussions, 
it will be found advantageous not only to adopt the usual preventatives, 
but to place it in a capacious flaslv, and suspend it over the flame. 
And as continued boilins; exerts a destructive influence upon the new 
product itself, it is desirable not to protract it beyond the time when 
the conversion is complete^ which may be ascertained as above. 

The white powder thus produced shows no disposition to combine 
with alkalis or acids ; it is insoluble in nlcoliol and oil of turpentine, 
as well as in w ater, but when boiled with the latter it is very slowly 
decomposed, phosphoric acid and ammonia remaining in solution. 
This decomposition takes place rather more rapidly if caustic potash 
be present, ammonia being of course in that case evolved. Sulphuric 
acid has no effect upon it in the cold, but when heated, decomposition 
ensues, the soUd matter entirely disappears, and phosphoric acid 
and ammonia are found in the solution : no sulphurous acid is 
evolved during the decomposition^ but the solution is dark coloured. 
The sulphuric add may be only very slightly diluted in order to 
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obtaiii this effect. When fbsed with caustic potash, ammonia is 
given off, and phosphate of potash formed. ' If heated per se in the 
open air, or even in oxygen gas, it is not burnt, but ammonia is given 
off, and a new compound remains : this action will be reverted to 
presently. If the powder thus heated be moist, the elements of 
water take part in the transformation, ammonia is given off as before, 
and met a phosphoric acid is found in the tube; but I never obtaiTiecl, 
as Gerhardt describes, a complete conversion of the substance into 
phosphate of ammonia ; some dark coloured insoluble matter always 
remained. Chlorine gas has no effect upon it, either in the cold, or at 
any temperature insufficient to decompose the substance itself. 
Although containing both phosphorus and hydrogen, it resists the 
action of most oxidizing agents. It is not affected by boiling in 
strong nitric acid, nor by a mixture of snljilmric and nitric acids: 
when fused with nitre, it is but slowly oxidized ; but it deliagrates 
when heated with chlorate of ])t»tayh. 

This difficulty of decomposition rendered the analysis of the 
substance, and especially the determination of the pho8]jhoru3 no 
easy task. The method followed by Gerhardt, namely, that of 
igniting the substance with oxide of lead and nitric acid, gave me a 
result indicating 37*9 per cent of phosphorus, but the mass left in 
the crucible was not wholly s ilnl)lti in nitric acid, and I have reason 
to believe that one of the products of the action of heat is formed, 
which of course, would completely vitiate the result. Combustion 
with oxide of copper is quite inadmissible for the same reason. The 
following estimations, however, were severally obtained by a different 
method, the substance analysed being dried in each instance by 
the heat of a water-bath. 

I. 0*4245 grm. of substance, prefiared by the boding process, was 
fused in a silver vessel with pure hydrate of potash, until nil odour of 
ammonia disappeared. The phosphoric acid was converted into 
phosphate of baryta, and being estimated in the usual manner was 
found to be 0 306 grm. 

II. 0*2485 grm. of the same, oxidized by means of a mixture of 
about 1 part chlorate of potash and 3 parts nitre, gave of phosphoric 
acid, estimated in the same manner, 0*178 grm. 

III. 0*d67 grm. of the same substance was decomposed by heating 
with strong sidphurie seid^ which was then largely diluted, the 
sulphuric acid having been removed by means of acetate of lead, the 
phosphate of lead mixed with oxide was analyzed. This yielded 
0*1828 grm. phosphoric acid. This method, however^ is subject to 
Bcreral inaccuracies. 
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IV. 0*2028 grm. of substance prepared by alternate boiling with 
acid and alkali was first heated per and the grey powder thus 
produced was oxidised by fusion with nitrate of potash. The phos- 
phoric acid^ estimated by means of baryta salt, was 0*1482 grm. 

These numbers give the fottowing results per cent; the equivalent 
of phosphorus being always taken at 82 on the hydrogen scale. 

I. II. III. IV. 

Phosphorus . 82-04 81*88 80*41 82*44 

The amount ot liydroi^en in the substance under examination was 
easily determined by coinbustiou with cliiomate of lead. 

I. 0 4025 grm. of substance prepared by long washing with hot 
water, and dried at 100" C, yielded 0-121 water. 

II. 0-3435 grm. of substance prepared by the boiling process^ 
yielded 01035 water. 

III. 0*4)385 grm. of the same, dried at a temperature of 140° C. 
(284*^ F.), so as to render the presence of accidental moisture impos- 
sible, yielded 01405 water. 

These numbers give the foiloviing for 100 parts : 

I. n. III. 

Hydrogen . . . 8*84 8-85 8-56 

These results differ materially from those of both Liebig and 
Gerhardt. 

The amount of nitrogen was determined by conversion into ammonia 
according to WiU^s process. 

I. 0*3195 grm. of substance prepared by long washiDg, and dried 
at 100^ C, was burnt with soda-lime^ and yielded 0*6835 grm. of 
reduced platinum. 

II. 0*502 grm. of substance prepared by the boilmg process, 
yielded 2*1825 grms. of double salt of platinum and ammonium. 

III. 0*443 ^nn. of the same heated first ppr se, and afterwards 
fused with jiurc {lotash, tlic gas evolved bciiii: in both instances 
collected in the usual hydrochloric acid apparatus^ yielded 1*950 grms. 
of double salt. 

IV. 0*3155 grm. of a fresh sample, prepared by the boiling 
process, burnt with soda-lime, yielded 1*505 grms. of double salt. 

These numbers calculated upon 100 parts give : 

I. II. ni. rv. 

Nitrogen . . 80-31 2729 27-69 29 92 

It is worthy of remark that this result accords with the number 
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obtained by Liebig, who estiiiuitecl die mtrogen as a gas, 28*526, 
&e.y a result, however, upon whidi lie placed little rdianee. 

There is sufficient discrepancy in these numbers dedaeed firom 
experiment, to show that the substance operated upon, vras not 
perfectly uniform ; but as it appears insoluble in any menstruum^ 
and incapable of crystallization, I have been unable to devise any 
means of purifyinp: it. The results, however, agree sufficiently to 
place the fact beyond doubt, that the proportions in which the phos- 
phorus, nitrogen and liytkogcii arc conibuiLd is as P : H3 : N,,, but 
united with a larger amount of oxygen than the two atoms assigned 
it by Gerhai dt. Indeed, the amount obtained by 11 n- ui each of the 
elements in question, is far below and quite ineumputible with that 
given by him. The numbei's accord most closely w ith those deduced 
from the formula 1^ 0„ : 

Phosphoms .... 32-32 

Hydrogen .... 303 

Nitrogen .... 28-28 

Oxygen . • • • 86*86 

The real composition of the substance is probably PH3 0^, 
with which the majority of the results are not incompatible. 



By ezpcriinciits from subst. prodnced 
by boiling process. 

320t 31-83 30-41 

3-35 8-56 — 
27-29 27.69 — 



Calculated. 

Phosphorus . 32 31-07 

Hydrogen . 3 291 

Nitrogen . 28 2719 

Oxygen . . 40 88*83 

103 100*00 

This view is strengthened when we consider that, in the formation 
of the white powder, oxidation must have taken place during some 
part of the process, as will be evident from the annexed equation ; 
now it is very possible that the oxidation has not been in all instances 
complete, which wiU readily account both for the vanationa in the 
analytical results, and for their discrepancy with theory, 

P CI5 & 7 NH3 & 2 HO & 30 = 5 (NH4 CI) & PH3 0^. 
The simultaneous formation of chlorophosphoret of nitrogen^ throws 
no light upon this reaction. 

As the substance operated upon in all these analyses was dried at 
a somewhat high temperature, the objection might be urged that 
the oxidation zeally took plaoe during that process. It became 
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denrablej tilierefoie, to dry it in Bome otiher manner. When left for 
any length oi time between alieeta of blotting paper, at tbe ordinary 
temperatare^ it still retains a considerable quantity of moistore. A 
portion was, therefore, allowed to remain in vacno over sulpburic 
add 'for seven days ; it was tben weighed and exposed freely to the. 
air in an oven at the temperatore of 100^ G. for an boar. No change 
took place ; and upon being beated to low redness in a tube closed at 
one end, it gave a grey powder, weighing 84*6 per cent of the 
original substance, a result coinciding (as will be })rcscntly seen) 
with that obtained tVoin it when dried in a water- bath, thus proving 
that the white powder is identical, whether dried at 100^ C. or in 
vacuo over sulphuric acid, and that the oxidation must be sought for 
in some earlier part of the process. 

BIPHOBPHAMIDB. 

The fact that a new substance different in properties from that just 
described, is produced by the action of heat upon the latter, 
has already been incidentally remarked. This substance has been 
named " Biphosphamide by Gerhardt, he states that it is formed 
by the separation of all the hydroc^cn and half the nitrogen from 
phosphamide, and has the composition PNOq. His account of the 
formation I fin d to be true, but it is evident that if my determina- 
tions of the composition of tbe oriirinal substance be correct, it is 
impossible that Gerhardt^s formula can be the true expression for 
this new one. 

When the substance of which the analysis has just been given, is 
rapidly heated per se to incipient redness, it gives off ammoniaj and 
8 gritty grey powder remains. This takes place whether the experi- 
ment be conducted in air or oxygen gas, or in hydrogen, carbonic 
acidj or chkncine ; in tbe case of the two latter gases, volatile ammo- . 
niacal compounds being of course formed. To prepare the new body, 
tbe substance {phoythamide) should be heated atber in a narrow 
tabe, closed at one end, or better in a gas containing no oxygen, 
in order to avoid tbe partial establishment of a reaction which 
will be subsefjuently described. 

The proportion of the new snbstanoe remaining, I fouid to be as 
follows : 

I. 0*211 grm. of the white powder dried in a water both, 
heated in a test tnbe, yielded 0*176 grm. of the new substance. 

II. 0'd65 grm. of the one, heated in the same manner, yielded 
0*3065 grm. of the othcar. 
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III. 0*2028 grm. heated in hydi-ogen gas, yielded 0'1696 grm. 

IV. 0*2025 grm. of a separate preparation heated in a stream of 
carhonic acid, yielded 0*1675 prm. 

These figures show that the new substance forma respectively 83*4, 
83*7, 83*6, ar>d 82 7 per cent of the original ; thus eoinciding with 
the number deduced from theory, supposing PN2 H3 O5 to lose one 
equivalent of ammoiiia, and become TNO^, viz. 83*5. The last of 
the four results rather favours the view, that the original substance 
has the cuUipusitiou O9, and tlic new one that of 

Pa Og, in which case the reduction would be to 82 9 per 
cent. 

Two attempts were made to ( stimate the amount of ammonia 
evolved, by collecting the gas in an oidiiiary hydrochloric acid appa- 
ratus, affixed to the little tube in which the substance was heated ; 
but the last portions of ammonia always come off with difficulty, and 
it appeared that the slight pressure exerted by the liquid in the 
apparatus was sufficient to prevent the alteration being complete. 
The amounts remaining in the tube were respectively 86 -8 and 86*4 
per cent, the loss being therefore 13*2 and 13*6 per cent, and the am- • 
monia actually in combination wilh the li\ ditjchloric acid arnoiiuted 
to 1()-L) and 12-8 per cent respectively. This discrepancy is expiauied 
by tlic fact, that upon the first heating of the substance, a little water 
is always given off ; this I found to take place even when the original 
substance had been exposed lor some tiiac to a temperature above 
100^ C. so that it could not arise from accidental moisture. In the 
first instance, the water was collected in a tube filled with sticks of 
caustic potash, which was placed between the hydrochloric acid 
apparatus, and the tube in which the experiment was conducted : 
the amount was 1*8 per cent. In the second expunMient, the quan- 
tity, although not directly estimated, was evidently much smaller. 

Analysis confirmed the view taken of the composition a£ thia 
substance. 

I. 0*1695 grm. deflagrated vrith. nitrate of potash, and the phos- 
phoric acid estimated by means of baryta^ yielded 0*1432 £^m. of 
the acid. 

II. 0*2262 grm. burnt with soda lime, yielded 0*589 grm. of 

doiddc cldoride of platinuiu and ammonium. 

A portion mixed with chromate of lead and heated, produced no 
water ; therefore it may be concluded that the substance does not 
contain hydrogori. 

These titnires calculated upon 100 parts jrive the annexed, which 
will be found to be somewhat higher than those deducible &om 
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the formiila PNO^i though not so high as those required by 



Pa 0,. 

Calculated. ExfeiimentaL , Calculated. 

PNO5 T. II. PaNjO^ 

Phosphorus . . 37-21 38-82 — 39*03 

Nitrogen , , 16-28 — 16-88 17-07 

Oxygen . . 46*51 — — 43*90 

Tim snbstanee, like that firam which it is derived^ is insoluble in 
all the ordinary menstrua, nor does it form compounds with acids 
or alkalis. When boiled with a solution of potash it is ^unaffected ; 
wlTen fused with the solid hydrate, ammonia is evolved, and phos- 
phate of potash formed. It is decomposed by boiling sulphuric acid, 
but not without ditiiculty, the solution becoming very black, and a 
little sulphurous acid being evolved. It resists the oxidizing action 
of strong uiliic aciii, but deflagrates when fused with nitre. When 
subjected to a full red beat it fuses, and upon cooling rcuiams as a 
black vitreous mass ; but even though the experiment be conducted 
with free access of air, as for instaiK on a piece of platinum foil, 
no combustion or other alteration takes place ; the weight remains 
the same. 

If before heating the substance it be moistened with a little water, 
a transformation mto phosphoric acid and ammonia takes place, as 
with the compound from which it is derived, but in this case also I 
did not find the change to be complete. Chlorine has no action 
upon this body ; if it be heated in a current of that gas, the weight 
remains the same. If mixed with iodine or sul])hur and heated, the 
metalloid sublimes, without producing any cbangc. If heated in a 
stream of hydrosulphuric acid gas, the grey po^vdcr assumes a dark 
semi-fused sticky appearance, and increases s(jmcwhat in weight. 
For this experiment, the gas should be made from sulphide of anti- 
mony, in order to avoid the admixture of hydrogen, which has a 
widely different effect upon the substance under examination. If the 
powder be heated in a current of this latter gas, a peculiar action is 
soon insitituted: ammonia is given off, and subsequently white fumes 
pass along the tube in which the rxj)( rime nt is conducted, consisting 
of phosphoric, or perhaps phosphorous acid mixed with spontaneously 
inflammable phosphuretted hydrogen ; in the mean time, a red subli- 
mate, apparently impure oxide of phosphorus, is formed in the 
tube, and sometimes a small quantity of water condenses. la one 
instance, I obtained no sublimate, and no phosphuretted hydrogen 
was evolved, but much phosphoric acid and water were produced. 
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This action uiay continue for a long time, but a portion always 
remains which resistB the further inflaenoe of the hydrogen. It is of 
a dark brown colour, insoluble in water^ and combinea neither with 
acids or alkalis; it is slowly deoomposed by strong nitric aeid, 
yielding phosphoric acid; when fused with caustic potaah some 
ammonia is evolved^ thus preying that the nitrogen has not wholly 
departed^ but it is not rendered wholly soluble hj this fusion with 
potash ; when heated with chromate of lead no water is formed thus 
showing that hydrogen haa not entered into its composition. 

This is not the only eonversion which " phosphamide" nndergoea 
by the inflaenee of heat. If atmospheric air have free access to it while 
the tempmtaxe is slowly raised^ a totally different reault is obtained. 
At about 150 C. (803^ F.) the substance begins to cTolve ammonia^ 
and to increase in weight ; if the heat be now maintained at any 
point between that, and perhaps one hundred degrees (C.) higher, for 
half-an-hoorj or even longeri ammonia will continually be erolved, 
and the weight will constantly increase. The resulting substance 
haa a somewhat dark appearance, and is resolved by water into two 
portions — the one soluble, — the other insoluble and identicsl with the 
grey powder formerly described. The proportionate amount of the 
two dependa upon the degree of access which air has to the substance 
during the process, and also upon the rapidity with which the heat 
has been rused. It is erident that the mere amount of increase in 
weight will afford no foundation upon which to calculate the amount 
of oxygen absorbed. In one instance, however, when there was very 
little of the grey powder produced, the increase was found to be 
as much as 22-8 per cent. As ammonia had been given off during 
the whole process, the oxygen absorbed must have been very con- 
siderable. The aqueous solution contamed merely a trace of free 
add : when evaporated to dryness it gave a crystalline mass, con- 
sisting, in a great measure, of phosphide of ammonia. No portion 
was soluble in aloohoL 

PHOSFHUBET OP NITROGEN. 

When the compound produced, hy saturating chloride of phos- 
phoroa with ammoniaeal gas, is heated to redness, or when the 
substance fiirmed by passing the vapour of terehloride of phosphorus 
through a tube filled with pure cUoride of ammonium, at a tempe- 
rature nearly sufficient to vohitilise the salt, is washed and heated 
to redness, a substance is produced, which Bos^ named phosphuret of 
nitrogen, behevmg it to have the composition FN,, although he never 

VOL. II. — ^NO. VI. K 
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succeeded in obtainmg it absolutely £1*66 (torn hydrogen. Gerbardt, 
however^ regards it as a substance of tbe composition PHNj, {phos^ 
pk4im) mixed with a quantity q£ his " biphosphamide/^ which con- 
tains none of the element in question^ and as the amoont o£ hydrogen 
required by such a formula is l'6 i per cent., and that given in the re- 
corded experiments varies about 0*7 per cent.^ it is evident that we must 
suppose the "phospham'' to be contaminated with about its own 
weight of " biphosphamide/' He affirms that the admixture of this 
latter substance is to be expected, a priori, from the extreme avidity 
for moisture which both chlorides of phosphorus display^ and the 
impossibility of keeping them in a perfectly dry atmosphere during 
the whole of the process. Now it remains yet to be shown that 
" biphosphamide," i.e,, my grey powderj can be formed from 
oxychloride of phosphorus, phosphorus, or phosphoric acids, which 
are the veritable products of the action of water upon the two 
chlorides^ in question ; and in the total absence of all positive proof, 
we are not without evidence to the contrary. For, if the statement 
of Rose be correct, that phosphuret of nitrogen is decomposed, and 
rendered wliolly volatile by sulphuretted hydrogen^ it is impossible 
that it should be composed, in a great measure, of this grey powder, 
which I find not to he so affected, and the same remark will hold 
good in reference to the action of hydrogen, though this is, I con- 
ceive, not so conclusive as the other. When it is rememhmd that 
the amount of hydrogen found in &e analysis of this substance is 
always very small, and, in fact, in one of Rose's determinations, did 
not exceed 0*26 per cent., I see no sufficient ground for doubtmg the 
correctness of the formula given by that chemist. 

There are no direct means for ascertaining the compositum of the 
chlorinated product from which the phosphamide'' is derived, 
owing to the impossihiKty of obtaining it in a pure state. Qerbardt 
asdgns to it the formuls, FCl, H4, calling it cUorophospha^ 
mide/' hut as the theoretical grounds upon which he based his 
condusion prove to be incorrect, this is probably not the true ex- 
pression; tiiough I must add, such a view is not incompatible widi 
my results. 

I subjobi, in a tabular form, what I conceive to be the true com- 
position of those two compounds of phosphorus and nitrogen, which 
I have minutely examined, together with the formula assigned by 
Hose to his ''phosphuret <^ nitrogen.'' I have not altered the names 
given to these substances by former investigators, although they are 
manifestly inappropriate, since I am not satisfied respecting their theo- 
retical constitution, and any new name must involve a theory. 
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Gorhardt'c name. 


Other appelUtioiis. 


^ » J » _ 

CompoiuKMi. 


Phosphamide. 

Biphosphamide. 
Pho^ham. 


f Liebig's hydrate o£ phoiphuret i 
I of nitrogen. J 

" Gray powder,'* 

Rose's phosphur^ of nitrogen. 


FN O5 



Note. — In drying this substance^ I repeatedly witnessed an elee* 
trieal phenomenon. It was my practice to place a portion of the 
powder on a watch-glass, and expose it thus in an oven^ at a tempe- 
rature of 100' C* When thoroughly dried* if the watch-glass be 
removed from the oven« and the finger drawn across the bottom of it^ 
the powder will become excited, and portions of it will, in all pro- 
bability, be projected over the sides of the glass. If the watch-glasa 
be covered by another of the same sise^ as was my practice for weigh- 
ing the substance, and either the upper or under one be rubbed^ the 
phenom^u of attraction and repulsion are beautifully seen. Of 
course, the watch-glass may be rubbed with silk^ woolloi doth, dry 
wood, or any other electric, with a similar effect. 



XIV. — Oft Phospho-eeriU, a new Mmertd (xniaimng PhMphate 0/ 
Cerium ; toith Obgervationa on the Sepmntion of Cerhtm, Lan- 
thanum, and IHdymkm. By Hknby Watts, 6.A., Ataulani tti 

the Birkbeck Laboratory, Unmemiy ColU^. 

The mineral \vliich forms the subject of the following coiamu- 
nication, is coiitaimi] lu the cobalt ore of Jobannisberg, in Sweden ; 
and remains as a residual product, wlieii the ore, alter calcination, 
is treated with hydrochloric acid, ibr the purpose of extracting the 
cobalt. It does not form more than one-thousandth part of the 
whole substance. It was discovered some years ago, by Mr. OUive 
Sims,* of the Staffordshire Potteries, and sent to Professor Graham, 
to whose kindness I am indebted for tlie opportunity of examining 
it. Mr. Sims believes that it likewise exists in the cobalt-ore of 
Tunaberg. 

The substance in question, is a greyish-yellow crystalline powder, 
intermixed with a small quantity of dark purple crystals of another 

* Tnosactions of the Chemical Society, vol. i. p. 7. 
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substance. The pur])le crystals are stronprly attracted by tbe magnet, 
and, with a little care and patience, may be easily !^eparated firom the 
others by movinpr a magnet througli the entire mass. 

Tlie yellow particles, when examined by a powerful microscope 
are found to consist of crystals belonging to the square prismatic 
system. Two forms appear to occur with tolerable frequency : one, 
a square-based octohedron; the other, a square pnam, with four-aided 
pyramidal summits. 

The specific gravity of these crystals is 4*78; thdr degree qfkar^ 
iietv, is intermediate between 5*0 and 5*6.'*' 

The dark-coloured magnetic crystals are perfectly opaque ; and when 
viewed by the microscope, exhibit the form of the rhomboidal dodeca- 
hedron, which is one of the crystalline forms of magnetic iron ore : 
some of them, however, have a pyramidal shape. They are soluble 
in hydrochloric acid, the solution containing iron in the form of 
ferroso-ferric oxide (F% 0^), and cobalt. The presence of the latter 
metal is also easily recognised by the biow-pipe. 

The yellow transparent erystals evidently constitute the essential 
part of the mineral : they were analysed as follows. 

QUAUTATIYE ANALYSIS. 

A quantity of the yellow crystals having been reduced to a very 
fine powder, so as completely to break up the crystalline structure, 
the powder was subjected to the action of various solvents. It is 
insoluble in water. Stroni,' nitric acid, at a boiling?; heat, dissohes 
it sparingly; strong hydrochloric acid, somewhat more readily. But 
the best solvent for this substance is concentrated sulphuric acid. 
A quantity of this acid having been diluted with water to free it 
from sulphate of lead, the powder was boiled in it till the whole 
was reduced to a pasty mass. This was left to cool, water poured 
upon it, and the whole left to stand for a few minutes. The greater 
part of the solid matter was then found to be dissolved. The liquid, 
when it had become clear^ was poured off, the residue again treated 
with sulphuric acid, &c. ; and this treatment repeated till a reaidne 
was left on which the add exerted no further action. 

A. The acid solution was next subjected to the usual course 
of analysis, by means of hydrosulpburic addj sulphide of ammo- 
nium, &e. 

* For the above dritcrminatmns of thf crrstalline fom Mid htidneit of the miaenl, 
I un indebted to Mr. Edward Chapman, o/ Kenungton. 
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a, Hydromlphufic add threw down nothing but a trace of 
eoppor. 

b. Sulphide of ammoniiim gave a copbna black precipitate ; and 
thisj being diaiolved in aqua rtgia, gave a yellow solution, in which 
ferrocyanide of potassium showed the presence of iron in small 
quantify. Ammoma, added in excess to this solution, produced a 
buff-coloured precipitate and a pinkish solution. This solution was 
found to contain a small quantity of cobalt. The buff-coloured 
precipitate was boiled in caustic potash ; but nothing was dissolved.* 
Fused with borax before the blow-pipe, it gave, in the outer flame, 
a glass, which was reddish-yellow while hot, but became colourless 
on coolmg: in the inner flame, a perfectly colourless glass was 
pfodnced. These chaiaeters mi^t be due to the iron present. It 
was evident, however, that the precipitate contained something 
besides iron; and its insolabitity, both in potaih and ammonia, 
rendered the presence of earthy phosphates, borates, ftc,. probable. 
Bmcic acid was, thcrelbfe^ searched for in the usual way y but none 
was found. The presence of fluorine waa impoauble,, since the 
mineral had been boiled in strong aulphuric acid. The mineral 
itself was likewise carefidly czanuned for fluorine, but gave no 
indication of its presence. To search for phosphoric acid, it waa 
necessary to separate the bases. F<» this purpose, I dissolved a^ 
portion isi the bnff-coloared precipitate in hydrochloric acid, and 
added oxalate of ammonia to tJke aolution. Thia produced a copious 
precipitate ; and I found that this same precipitate was produced 
even when the aolution was very strongly aoid, a large excess of acid 
merely rendering it necessary to add a greater quantity of the 
reageiit. Oxalic aeid acted in the same manner aa oxalate of 
ammonia. 

The precipitate thus obtained waa of a very peculiar character. 
It was at first bulky and of a cnrdy consistence, like dikride of 
silver; but quickly became erystallme and sank down to the bottom 
of the vessel : it was nearly white, but had a perceptible tinge of 
violet. It was collected on a filter, washed and dried, and then 
ignited. It then underwent a remarkable change, becoming first 
black, then yellow, and acquiring an almost fluid consistence ; the 
line solid i)articles floating, as it were, in an atmosphere of the gases 
Mhicli wLie escaping.* Finally, the whole became tranquil, and 
assumed a dark biowu-rcd or tile-red colour. 

Tiuti brown-red bubstance, iased with borax before the blow-pipe, 

* Traaslatioa of Gmelin's Chenustry, vol i. p. 212, note. 
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gave the characters already mentioned. Digested in hydrochloric 
acid^ it remained unaltered in the cold; but on the application of 
a gentle heat^ it dissolved with copious evolution of chlorine. The 
solution was yellow at firsts but assumed a violet tint after longer 
boiling. It was then mixed with a tolerably strong solution of 
sulphate of potash^ which, in a few minntes^ threw down a eopions 
white crystalline precipitate, insoluble in an excess of the reagent. 

All these characters distinctly prove that the brown-red substance 
obtained as above, oonsists wholly, or in great part, of Oxide of 
Cerhm. As, however, zirconia, yttria, and thorina, are likewise 
pvecipitated by oxalic acid from acid solutions, it was necessary to 
ascertain whether these substances were associated with the cerium 
or not. The solubility of the brown-red powder in hydrochloric add 
proved the absence of oroonia ; for that substance, after ignition, is 
insoluble in all acids, enoept concentrated sulphuric acid. Yttria is, 
like cerium, precipitated by sulphate of potash; but the precipitate 
is soluble in an excess of sulphate of potash. To ascertain, thcKfbie^ 
whether it was present, a saturated solution of cerium in hydiochlone 
acid was mixed with a saturated solution of sulphate of potash, and 
a crystslline crust of that salt introduced in such a manner, as to be 
in contact with the liquid throughout its whole depth. The whole 
was left to stand for several days, and then filtered. The filtrate 
mixed with excess of caustic potash gave no precipitate : therefore 
no yttria was present. The absence of thorina is proved in the same 
manner as that of sireonia; for thorin^ after ignition, is insoluble 
in all acids except strong sulphuric acid. 

The presence of Lanthanum and Didyrnhm, the metsls usually 
alHed with cerium, was easily proved by methods hereafter to be 
described. It is interesting to find that these metals are associated 
with cerium in this hitherto unknown mineral, aa well as in the 
Gerites, Ortihites, &c., in which they have previously been dis- 
covered. It seems to show that the association of tiiese three 
metals is not merely fortuitous, but exists in consequence of a 
regular law. 

The acid liquid, from which the cerium, &c., had been separated 
by oxalate of ammonia, was next examined for phosphoric add. For 
this purpose, a portion of it was tested with ammonia and sulphate 
of magnesia, which produced a copious crystalline precipitate, indi- 
cating the presence of phosphoric add. To obtain additional proof 
of this, however, the remaining portion of the add liquid was mixed 
with perchloride of iron and excess dl ammonia. The precipitate was 
thoroifgbly washed to remove all traces of soluble chlorides, and then 
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decomposed by digestion in sulphide of amtnonlam. The liquid 
filtered from the sulphide of iron thus produced, was boiled with 
nitric acid, and filtered again to free it from sulpbiir. The filtrate, 
treated with nitrate of nlver and a small quantity of ammonia, gave 
the characteiistic yellow precipitate of thbasic phoephate of silver. 
It appears, then, that the matter precipitated by aulpbide of am* 
monhun mainly consists of phoq»hate of cerium. 

c. The liquid filtered from the black precipitate (b), produced 
by sulphide of ammonium was boiled with an exoeas of hydrochloric 
acid, and filtered to separate salpbnr; the filtrate was evaporated to 
dryness, and ignited to expel ammoniacal salts* A trifling fixed 
leadne vaa left, which appeared to be magnesia ; but the quantity 
was too small to give distinct indications. 

J3. The matter insoluble in snlphnrie acid was examined in the 
usual manner by fusion witii carbonate of soda : it consists chiefly 
of silicay with small quantities of iron, alumina, and lime, and a 
trace of magneoa. It is merely sandy or ars^Uaceons matter 
eontained in the ore, and mechanically nuxed with the crystalline 
powder* 

The mineral appears then to consist essentiaUy of PhoiphaU ijf 
Cerium (including lanthanum and didymium). The small quanti^ 
of cobalt found associated with it u merely accidental ; ita presence 
is easily accounted for when we remember the source of the mineral 
itself. The iron, which is in somewhat larger quantity, is probably 
contained in the substance of the crystals ; its quantity, though not 
very great, is too large to be accounted for by the accidental presence 
of any mi^;netic particles whidi might have escaped the sesrdiing 
action of ^e magnet I propose to call this substance fhosfho- 

QVANTITATtyS ANALYSIS. 

A convenient quantity of the yellow crystals, separated as com- 
pletely as possible from the magnetic particles, was reduced to a 

btatL' of exceedingly minute division by pounding in an agate mortar, 
and subsequent levigation. The fine powder thus obtained having 
been thoroughly dried at a gentle heatj a quantity of it was weighed 
out, amounting to 51*46 grains. It lost notliuipc by strong ignition. 
It was dissolved as completely as possible in su]])huric acid._, us iii the 
quantitative analysis. The insoluble matter weighed 1"52 grains, or 
2 96 per cent. 

• The cerium, i:c., was precipitated by oxalate of ammonia, and the 
oxalate converted, by ignition, into scsquioxide of cerium associated 
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with lanthanum and didymium. It weighed 35*76 grams. Now 
the atomic weight found by BerzeUus and Hisinger for cerium — at a 
time when the existence of lanthanum and didymium was nnknown, 
and that which is now known to be a mixture of the three metals, 
was regarded as a single metal — is, on the hydrogen scale, 46. 
Hence, the atomic weights of the protoxide and sesqnioxide of 
cerium (using that tenn in its former sense) are to one another as 
46 + 8 : 46 + 12, or as 54 : 58. 

Now, 68 : 54 : : 35-76 : 33*29 

Hence the quantity oi protoxide of cerium, or rather of the pro- 
toxides of the three metals taken together, is 83*29 in 51*46 grains 
of the mineral, or 64*98 per cent. I have not attempted to 
determine the relative quantities of the three oxides. In the jnesent 
state of our knowledge. Indeed, this determination is impossible; 
partly, because the individual atomic weights of cmum, lanthanum, and 
didymium are unknown ; partly because all the processes of separation 
hitherto devised sre so tedious and complicated, and attended with so 
much unavoidable loss from the multitode of decantations, filtrations, 
and washings which they mvolve, that theu' application in quantitative 
analysis is quite out of the queation. 

The cerium, &e., haviu^^ been separated as above, the filtered liquid 
was neutralised with ammonia, and sulphide of ammonium added. 
The precipitate was digested in nitric acid, and ammonia added in 
excess. The precipitate of peroxide of iron thus produced, weighed 
1*50 grains, corresponding to 1*45 grains, or 2*83 per cent, of 
magnetic oxide, 0^, the state in which the iron most probably 
exists in the mineral. The ammcmiacal solution, filtered f^om the 
iron precipitate, yielded a smsll quantity of oxide of cobalt, with a 
trace of copper, amounting to 0*23 gr. or 0*45 per cent. 

Lastly^ the filtered liquid containing the phosphoric acid was 
treated by Berthicr's process for determining the quantity oi that 
acid : the result was 14*65 grains, or 28 46 per cent. 

We have then for the composition of the mineral, m 100 pai ts. 

Protoxides of cerium, lanthanum, and didymium 64 68 

Phosphoric acid 28*46 ^, 

Oxide of iron (Fcg O4) 2-83 

Oxide of cobalt, &c. . • . . . 0 43 
Sand, &;c 2*96 



99-38 

Or, disregarding the oxide of cobalt, and the matter insoluble tn 
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snlpliuric acid, as adventitious^ we find for the actual composition of 
the erystala : 

FMozideB of oerimn^ lanthanmn, and didymiam 67*38 

Phosphoric acid 29*66 

Oxide of iron* 2*95 

100*00 

Notwithstanding the apparent accuracy of the preceding analysis, it 
must not he considered as more than an approxiiiiatiou to the truth. 
For, the deteniiination of the quantity of the associated bases rests 
upon the old atomic weight of cerium, found by Berzelius and 
Hisinger. Now, since that which was then regarded as a simple 
metal^ is really a mixture of the three metals, whose several 
atomic weights are unknown, and as the proportions, in 
which the oxides of X\ic<v metals are associated, is by no means 
constant, it is evident that the atomic weight of the compound 
metal must be liable to considerable variation ; unless indeed the 
atomic weights of the individual metals are equal to each other, a 
coincidence which, though possible, we have no right to assume.f It 
must, however, be remarked that the same uncertainty rests upon 
the analyses of all minerals containing cerium in the state of 
protozid^ e. g. orthite, allanite, &c. If the number 46 be not the 
true expression of the atomic w eight of the compound metal, cerium, 
all analyses of such minerals must be incorrect, inasmuch as the 
cerium can never be estimated directly in the state of protoxide. 
Bnt since these analyses have all the appearance of accuracy, and have 
been made by chemists of unquestioned analytical skill (the greater 
number by Berzelius), it is scarcely probable that any very material 
error can have been committed in taking the number 46 as the 
atomic weight of cerium in the sense above-mentioned. The question 

* It is, however, by no means certain tbat the iron rxhts in the cn'stals thrrnselves. 
I took all possible pains to remove the ferruginous ji^irtlt-Ies bv the magnet; Itnt it is 
very possible that a iiLuail quantity of iron may liave been di&'used through the 
erfifalliiie powder in tbe Ibnn of peroaMft If lo, the magnet troold not have 
removed it. 

t RfTTielius states, on the aothority of Mosander, that the atomic weight of Innthaniim 
k greater than^that of the combined metals, and nearly equal to 680 on the oxygen 
tede, or &4'4 on the hydrogen icele (TVot// de CMmie, be. Ed. Par. t. ii. p. 755). 
In a aubeeqiMit put o£ Hie lame mA (t iv. p. 544), he Mys thet the itomic weights cf 
cerium, lanthanum, and didymium are unknown. In Omelin't HtmMoolc (Translation 
I, 50), the atomic weight of lanthanum (or rather of lanthanum and didymium 
together) is said to be ^'1, and that of cerium 46*3. I mention the«e facts to show 
tkat the whole subject ie beiei with tineertidnty, ud still open to invatlgalion. 
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must, however, remain undecided, till the three metals shall have 
been olttaiiied in a state of purity^ and their atomic weights indi- 
vidually determined. 

While this uncertainty exists with regard to the combining 
nimibers of the bases, we cannot, of course, arrive at any final 
conclusion respecting the atomic constitution of the mineral. If, 
however, we aijsume that the number 4G correctly expresses the atomic 
weight of the three metals considerefl as one (which may be denoted 
by the symbol M), and if we suppose that phospho-cerite is a 
tribasic phosphate of this metal^ viz.^ 3 MO, PO5, we shall have for its 
atomic weight, 

3 (46 + 8) + 71-38 = 162 + 7138 = 23338; 
and this reduced to 100 parts^ gives 

69 41 MO + 30 59 PO5 = 100.^ 

Now, if in the preceding analysis, we disregard the oxide of iron, which, 
even if it be contained in the substance of the crystals, is too small in 
quantity to be considered essential to ti&dr constitution — in other 
words, if we simply calculate the proportion of oxide of cerimn, &e., 
and phosphoric acid existing in the crystsls, we find as the result : 

69-44 MO 4- 30-56 PO5 = 100. 

These quantities are almost identical with those above calculated 
from the formula 3 MO, FO5, differing in fact hy only 0 03 per cent. 
We cannot, perhaps, place very great rehance on this coincidence, 
on account of the uncertainty above alluded to ; hut it can scarcely he 
regarded as merely accidental. If the result be trustworthy, it will 
go far to prove that the atomic weight of the cmpound metal 
cannot difiPer greatly from 46. 

If the view here taken he correct, it wiU follow that phospho- 
cerite is a mixture of the tiibaaie phosphates of cerium, lanthanum, 
and didymimn. The isomorphism of these metals can scaredy 
be doubted; and it is, therefore, to he expected that their analogous 
compounds should crystallize together. 

NoTX. — ^Sinoe this paper was communicated to the Society, 
Mr. Chapman has kindly drawn my attention to the fact, that a 
mineral, nearly, if not quite, identical with phosphorcerite, was 
discovered and analysed by Wohler about three years ago. It is 
thus described in the Rapport Annuel of Beradius, 7e. ann€e : 

*'W6hler has found in the compact (gmtite of Arendal, a new 
mineral to which he has given the name of CryptoUte (tfpvmc)> 
It occurs principally in the variety called tg»aiite tmS, whence it 
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is <>btaiiied in peifect crystals by dissolving the apatite in nitric acid, 
which leaves undissolved a number of small crystals of various 
minerals. Among these crystals occur those of cryptolite : they are 
a line in lengtbj and are laid parallel to each other side by side. 
There also oceur crystals of magnetic iron ore^ amphibole, and a 
mineral of a hyacinth-red coloor. The crystals of cryptolite may be 
separated by a pair of foroq>s. When examined by the microscope, 
th^ are found to be transparent^ hexagonal prisms, of a wine-yellow 
colour. Their specifie gravity is 4*6. 

" Concentrated sulphuric acid decomposes them, the whole being 
reduced to a dry eurUiy mass. By aualysis, they are found to 
eontain : 

Ceric oxide 73*70 

Ferrous oxide . . , .1-51 
Phosphoric acid .... 27*37 

102-58 

'* The excess of this analysis is due to the oxygen of the ceric oxide, 
the mineral itadf containing cerons oxide. The result of the analysis 

agrees sufficiently with the formula Ce^ V to justify the admission 
diat the mineral is formed almost wholly of phosphate of ceric oxide. 

"The hyadnth-red mineral likewise contained cerium; but the 
quantity of it was too small for analysis.^ 

Such is Wohler's account. The quantity of cerous oxide con- 
tained in. the 73' 70 of cocic oxide is 68*62 ; and the proportions of 
that oxide and phosphoric acid in 100 parts (leaving out the iron) axe 
as 71*5 : 28'5. These quantities do not agree so dosely with the 
formula 3 MO, FO5, as tiiose found in my own anslysis ; still there 
can be but lif^ doubt that Wohler's mineral is resUy a tribasic 
phosphate^ and, therefore, identiesl in chemical composition with 
phospho-oerite. The specific gravities of the two minerals are like- 
wise nearly the same. But the crystalline forms are totalfy incom- 
patible; for the hexagonal prism can never occur as a modificatiouKif 
forms belonging to the square prismatic system; and as WdUer's 
crystals were large enough to be picked out with the forceps, it is 
scarcely prohable that he can have mistaken their crystalline form. 
For these reasons, I do not think it necessary to iJter the name 
which I have given to the mineral obtained from the cobalt ore. 
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SBFABATION OF CBBIVH, LAirTHANITM, AMO OIBTMIVM. 

As the methods of obtsining these sahstsnces in a state of ponty* 
are not very generally known^ and^ as far as I am aware, are not 
fully described in any English work, I here sdbjoin a sketch of the 
several methods hitherto devised, adding such observations as my 
own expenence has suggested, I shall first speak of the methods of 
separating cerium from lanthanum and didymium together, and 
afterwards of the separation of lanthannm and didyminm from each 
other. 

I. The separation of cerium from lanthannm and didymium 
depends npon this drcnmstance : that cerium forms two ozLdei^ ib& 
protoxide or eermtB oaside, and the aesqnioxide or eerie imdei the 
latter of which is nearly insoluble in wei& adds ; whereas lanthannm 
and didymium appear to be susceptible of only one degree of 
oxidation, and their oxides are eacdly soloble in dilute acids. On this 
principle is founded the first mode of separation devised by 
Mosander,* to whom we are indebted for the discovery of lAf>tli«Tni|m 
and didymium. 

This method consistB in converting the mixed oxides of the three 
metalB into chlorides, precipitating with a large excess of caustic 
potash, and subjecting the precipitate suspended in the liquid to the 
action oi a atieam of chhsine gas. The oxides of lanthanum and 
didymium then dissolve in the mixture of chloride of potassium, 
hypochlorite of potash, and excess of hypoddorons acid produced, 
while the cerium is peroxidized and remains undissolved. The 
precipitate first assumes a violet colour, then becomes yellow, and 
ultimately of a deep orange colour. When this has taken place, 
the liquid is found to be completely saturated with chlorine, rtuI has 
acquired a yellow colour. The whole is then to be set aside for four 
and twenty hours in a close vesisi;!, and aftcr\\';irds the liquid separated 
by filtration fioiu tlie insoluble eerie oxidc^ and treated with excess 
of caustic })otasli to ]H'ccipitatc the oxides of lanthanum and didy- 
mium. Such IS the method by which Mosander first effected the 
sepniTilion of these oxides. He says that the eerie oxide, thus obtained, 
is quite free from lanthanum and didymium ; but that the super- 
natant liquid, in addition to the oxides of those metals, likewise 
contains a small quantity of cerium, for the complete removal of 
which, the whole process must be repeated three or four times. In 
these respects^ my own observations do not quite agree with those 

* Piiiitmxphical Magazine, vui. xxviii. p. 24L * 
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of Mosander. I find that tbe q;iutiitity of (udde of cerium dissolved 
in the chlorine liquid is very small^ and is completely precipitatod 
l>y boiliBg the aolntioii till it loses its yellow colour: a salmon*- 
•ixiloured precipitate tiien separates^ which is the oxide of oerinm. If 
the boiling be then stopped, the liqmd filtered^ and the oxides of 
lanthanum and didymium precipitated by caustic potash^ the pr^ 
«ipitate thus obtained is quite iiee firom cerium ; for on being again 
subjected to the ehlciine process, it dissolm completdy without 
any depositioii of oxide of cerium. On the other hand, I have 
uhrays found that the eerie oxide, produced by the first application of 
ihe above process, retains considerable quantities of the other 
coddes^ and that these can only be separated by repeating the process 
ueveral times. I find it better, therefore, instead of leaving the 
liquid, after saturation, to stand in contact with the precipitate for 
several hours, to pour it off, fill up the vessel wilJi firesh caustic 
potash, again pass chlorine tinrough the liquid till it is saturated, 
and repeat this treatment till the ycHow liquid, after being boiled till 
ite colour disappears, and then filtmd, no longer gives a predpitete 
with caustic potash. When this point is attained, the eerie oxide 
may be considered perfectly free fh>m lanthanum and didymium. It 
ffetidns, however, considerable quantities of hypochbrous add and 
salte of potash* To firee it fiom these, Moesnder digests it at a 
gentle heat in a solution of potaah, which removes the hypochtorous 
acid, and then dissolves out the potash by dilute nitric add. The 
eerie oodde thus purified is then wuhed and ignited. Ifind, however, 
that a much more expeditious mode of purification is to dissolve 
4]ie ydlow eeiic oxide in Boiling hydrochloric acid, continuing the 
boiling till chlorine is no longer evolved, and then piedpitate the 
cerium by oxalate of ammonia. The predpitate of oxidate of cerium 
ihua finmed is a heavy crystalline powder, whidi, when cottected 
on a filter, may be washed with the greatest fodlity; and when 
subsequently dried and ignited, yields pure oeric oxide of a deUcate 
^nnamon colour. This mode of separating cerium from the allied 
metals is long and tedious ; but the result is certain and the separa- 
tion complete. 

Anotlier mode of separating ccriiiiu from lanthanum and didy- 
mium, also discovered by Mosander, is to digest the mixed oxides 
in very dilute nitric acid. Tlie dark red-brown substance obtained 
by igniting a mixture of the oxalates, carbonates, or protoxides of the 
the three metals (for the sake uf distinction I shall call it the crude 
oxide of cerium), consists of eerie oxide mixed with the oxides 
and carbonates of lanthanum and didymium. It dissolves readily in 
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hot strong nitric acid. The solution^ which is of a beautiful deep 
orange colour^ and acquires^ by concentration, the consistence of 
a thick syrup, leaves, when evaporated to dryness, a yellow gummy 
rendue of nitrate of eerie oxide, together with the nitrates of the 
other two oxides. When tlua substance is ignited at » temperature 
sufficient to expel the nitric acid, it leaves a residue nearly, if not 
quite^ identical with the crade oxide of cerium before treatment with 
nitric acid, but of a mudi lighter colour^ and much less soluble 
in acids. These differences of colour and solubility appear to be 
nothing but a difference of aggregation. Now when this crude oxide 
of cerium, modified as above by treatment with nitric acid and subse- 
quent ignition, is digested for several hours in very dilute nitric 
acid — about 1 part of acid in 100 parts of water, the lanthanum and 
didymium are dissolved, and the cerium left bdiind. One digestion 
in nitrie acid is not, however, sufficient to remove the whole of the 
lanthanum and didymium. The liquid must he poured off after 
a while, and fresh acid supplied ; and this process must be repeated 
till the acid liquid, after remaining for some time in contact with the 
eerie oxide, gives no precipitate with oxalate of ammonia. The eerie 
oxide is then left behind of a pure and beautiful cinnamon colour. 
This process appears, &om description, to be much easier than that 
first described. It is, however, liable to certain inconveniencies. 
(1.) The oxide of cerium, when digested in the acid liquid, and more 
partieularly if subsequently washed with water, becomes so minutely 
divided, that it diffuses itself through the liquid and will not 
separate for days ; and if an attempt be made to filter the liquid, 
the solid matter first runs through the filter, and then oomp 
pletdy stops it up. This inconvenience may be obviated to a 
considerable extent by warming the liquid, or rather by keeping it 
in a warm place during the whole time of digestion. But there 
is always a considerable difficulty in obtaining a dear solution, and 
in getting the eerie oxide completely firee firmn the soluble matter. 
(2.) The sqparation is not always complete. The nitrie acid gene- 
rally dissolves a small quantity of ceiinm. To separate this, the 
acid solution must be evaporated to dryness, the residue ignited, 
and again digested in weak nitric acid : this process often requires 
to be repeated three or four times. When the ignited residue " 
dissolves completdy in cold dilute nitric add, the oxides con- 
tained in the solution may be predpitated by caustic potadi, or 
the solution evaporated to dryness, and the residue ignit^ to expd 
nitrie add. To make quite sure of the abseaoe of oerkun, a small 
portion dionld be tested by the chlorine process above described : if 
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any cerium should stiU be found remaining, it is best to treat the 
whole by that process. When the oxide of cerium has been freed as 
much as possible from lanthanum and didymium, a small portioii of 
it ahould be boiled in strong hydrochloric acid. If pure, acansely 
a trace will diaaolve, with a barely perceptible evolution of chlorine. 
A solution inay» however, be obtained by the aid of alcoholi which 
deoxidizes the eerie oxide, and reduces it to a state of cerous 
oxide : the acid then disaolvea it. The solution thus obtained should 
be tried by the chlorine process to ascertain if any didymium be left 
behind. If so, the eerie oxide may be digested for a while in 
moderately dilute hydroddorie add, which will dissolve the remainder 
of the didymium. The nitric add is sure to remove the whole of the 
lanthanum. It is remarkable that the eerie oxide, obtained by this 
process is slways of a lifter colour than that obtained by the 
process first described. Even if it be dissolved in add, predpitated 
as an oxalate, and the oxalate again converted into eerie oxide by 
ignition, the light colour is retsined. I was at first indined to 
attribute this difference to the greater purity of the eerie oxide 
obtained by the latter proeess: but I have carefully tested that 
obtained by the chlorine proeess, by digcstiug it for a long time in 
hydrochloric add, and have not been able to discover a trace of 
didymium in it. I attribute the difference of colour mmly to a 
difoence of aggregatbn : I have abready observed that the crude 
oxide of cerium acquires a lighter colour by mere solution in nitric 
acid, evaporation to dryness^ and ignition. A modification of the 
preceding proeess hss been suggested by Beraelins. I shaU notice it 
in speaking of the separation of lanthanum and didymium. 

A method of separating cerium from didymium by means of 
vakriwnie add has been devised 1^ L. L. Buonaparte.* It is thus 
described by Benelius.t " The hydrated oxides are predpitated by 
a canstie alkali, and the cerous oxide converted into eerie oxide. 
The whole is then dissolved in nitric add — the excess of add driven 
off by evaporation at a gentle heat — the residue mixed with a very 
small quantity of water^ and a saturated solution of valerianic acid 
added drop by drop as long as any precipitate forms. This pre- 
cipitate is the valerianate of eerie oxide ; valerianate of didymium 
remains in solution.'' It is not stated wlR'ther this reagent will 
separate lanthanum from citht r of the other oxides : but there is 
every probability that its action on lanthanum will be the same as on 
didymium. I have not tried the method^ as I do uot think that 

* Comptes rendus, t. xvi, p. 1008. t Tiiit^, ii, 7*2. 
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it can ever be made available, excepting on a very small scale, 
on account of the great trouble of preparinj^ the acid. Besides, 
we have easier methods of separating cenum from the other two 
metals. 

II. Separation of Lanthanum and Didywium, — A solution of 
these substan'resj free from cerium, having been obtained by either 
of the preceding processes, they may be precipitated, either as 
hydrated oxides by means of caiistie potash, or, as oxalates by 
the addition of oxalate of ammonia. I prefer the latter method, 
because the hltration and washing are so much more expeditious 
than with the former. The oxalates are then to be converted 
into carbonates by ignition, and the carbonates dissolved in 
dilute sulphuric acid. The separation of the two metals depends 
upon the different degrees of solubility of their sulphates ; and the 
mode of effecting it is chfferent, according as the lanthanum or the 
didymium is in greater quantity. This may be known by the colour of 
the solution. When the didymium is in excess, the solution has a 
decided pink colour, even when dilute ; but when the quantity of 
that metal is but small, the hquid is colourless when dilute^ and does 
not assume a pink colour till highly concentrated* 

When the lanthanum is in excess, Mosander recommends the 
following process. The solution containing the mixed sulphates 
is to be evaporated to dryness, and the residue ignited to expel 
the water of crystalHzation, and the excess of sulphuric acid, ^e 
anhydrous sulphates are then to he dissolved in rather less than 
six times their weight of water, at a temperature of 36^ or 37° Fah., 
the powder being added by small portions at a time, and the vessel 
containing the liquid being surrounded by ice-cold water, to prevent 
the rise of temperature consequent on tiie combination of the an- 
hydrous sulphates with water. If this precaution be not taken, and 
the temperature of the liquid consequently rise above 48^ Fah., 
crystallization commences and rapidly extends throughout the whole 
mass of liquid. If, however, the water he properly cooled, the 
anhydrous sulphates dissolve completely. A solution having been 
thus obtained, it is to be gradually raised by a water-bath to a 
temperature cit rather more than Fah., when the sulphate of 
lanthanum will crystallise out, contaminated however with sulphate 
of didymium, which gives it a rose colour. To purify it completely 
from didymium, Mosander directs that it be again rendered anhy- 
drous, redissolved in ice-cold water, &e., the whole process requiring 
to be repeated ten or twelve times before the sulphate of lanthanum 
is obtained perfectly pure. I have made three or four trials of this 
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process tnth sll possiUe tm, but liaive never soficeeded in getting 
the sulphate of Isnthaniun to crystallize out m the manner above 
described. P^bably the substance on which I have operated is 
richer in didyminm than those on which Mosander's experhnents 
were made. At all events, the process, as may be seen from the 
preceding description, is excessively loiiir and troublesome ; and I 
believe lluit a \)uvc salt of lanthanum may, ui all cases, be more 
readily obtained by that which I am about to describe. 

The sulphates of lanthauum and didymium have this remarkable 
rL lation, that though the sulphate of lanthanum is less soluble than 
the sulphate of didymium in a neutral solution, yet from an acid 
solution, the sulphate of didymium crystallizes out first. Accordingly, 
a pure salt of didymium is easily obtained as follows. A soluiion t)f 
the mixed sulphates contaming excess of sulphate of didjTnium is 
strongly acidulated with sulphuric acid, and left for two or three 
days in a warm place. Two sorts of crystals tlicu collect at the 
bottom of the basin : 1. Large rose-coloured rhombohedral crystals, 
modified with numerous secondary faces. 2. Slender prismatic 
violet-coloured crystals whirh adhere to the sidi s of the vessels. The 
latter consist of the two sulphates mixed ; the former are sulphate 
of didymium : these are to be selected from the rest, separated 
as much as possible trom adhering sulphate of lanthanum, by 
rapidly washing them with hot water, and hnaiiy purilied by rcrrys- 
tallization. This is also Mosander's process. I have invariably 
found it successful. But further — I find that bv rcdissolviiig the 
prismatic ^'^olet crystals above spoken of— mLxmg the solution with 
the mother-iiquid, and again subjecting it to slow evaporation, 
though no more large crystals of didymium-salt are obtained, the 
liquid yields rhombohedral crystals of a violet colour ; and by taking 
these out, evaporating the mother-liquor still further, and repeating 
these operations three or four times, the solution at length becomes 
perfectly colourless, and when evaporated to dryness, yields a colour- 
Jess residne of sulphate of lanthanum. The solution in this state 
likewise yields perfectly colourless precipitates with alkalis and 
alkaline carbonates, and also with oxalic acid. This is the only 
method by which I have yet succeeded in obtaining a pure salt 
of lanthanum. It is sufficiently tedious, but the result is satis- 
factory. 

' I have already spoken of a process suggested by Berzelius * for 
separating lanthanum and didymium : it is as follows. The crude 



* Tnite de Chimie, Se., Ed. ix. 752. 
TOL. II. — NO, VI. 
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oxide of oeriani^ after solution in nitric add and tnbseqnent ignition, 
is digested for a while in very dilute nitric aeid (1 part of add in 100 
of water), the solution is then poured off, and the reddue digested in 
dilute hydrodiloric add. The nitric add removes nearly all the 
lanthanum, together with small quantities of didymium and cerium, 
and the hydrochloric add dissolves out all, or nearly all, the 
didymium^ together with the remaining portion of lanthanum, and 
more or less of cmum. The cerium may be removed from boUi 
solutions by evaporating to dryness and redigesting in dilute add, 
repeatiug the process till no insoluble reddue remains— or dse by the 
ddorine process. The nitric add solution always otmtains more or 
less didymium, sometimes a condderable quantity : the longer the 
digestion is continued, the greater is the quantity of didymium 
dissolved. It may, however, be completely removed by converting 
the salts into sulphates and crystallizing out the sulphate of didy- 
mium from an acid solution. From the hydrochloric acid solution, a 
pure salt of didymiuin may readily be obt;uiicd by precipitating 
with caustic potaali, dissolving the precipitate m excess of sulphuric 
acid, and crystallizing by spontaneous evaporation as iibove described. 
The eerie oxide also, after digestion in hydrochloric acid, is almost 
sure to be pure. On the whole, this process affords a ready means 
of obtaining salts of lanthanum and didymium nearly pure : if 
absolute purity be desired, they must be farther treated by the 
methods above indicated. 

The salts of lanthanum and didymium arc distinguished from one 
another by marked charactrrs. All the salts of didymium are 
coloured, some bein? pink or rose-coloured, and others violet. The 
sulphate is rose-coloured, so also is the nitrate: the solution of 
the nitrate, however, when highly concentrated, is violet-blue by 
reflected light. The hydrated oxide and the carbonates are violet ; 
so likewise is the oxalate. When either the oxalate, the carbonate, 
or the hydrated oxide is ignited, it yields the anhydrous oxide, which 
is of a dark brown colour. It is this oxide which gives the dark 
red-brown tint to the crude oxide of cerium ; it is readdy soluble in 
dilute acids ; when exposed to the air, it absorbs carbonic acid. 

All the salts of lanthanum are white. The oxalate, when ignited, 
first turns black from the separation of carbon ; and when this is 
burnt away, perfectly white carbonate of lanthanum is left. This, 
when more stronsly ignited, — esjiecially in an open vessel — is con- 
verted into a hght brown substance, which is the anhydrous oxide. In 
Mosander's memoir, this oxide is said to be nearly white ; and the 
slight brown colour which it has is attributed to the presence of a 
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minute quantity of didymiam. This, however, I cannot but regard 
as doubtful ; for I can perceive no difference of colour between the 
anhydrous oxide obtained by igniting perfectly white carbonate of 
lanthanum, and that produced from carbonate which I know to be 
sUgbtly contaminated with didynuum. A^Tien carbonate of lan- 
thanum in small lumps is igmited, the surface of the lumps turns 
brown, while the inner portions remain perfectly white; when 
carbonate of didymium is similarly treated, the whole becomes dark 
brown in a very short time. A [liiych-nuij oxide of lanthanum attracts 
carbonic acid from the air more rapidly than oxide of didynuum : the 
hydrated oxide, which is perfectly white, absorbs carbonic acid so 
rapidly that, when washed on a filter, it is wholly converted into 
carbonate before the washing is c()in])]ete. 

It will be seen, from the ])rcccding c)])scn-ations, that the main 
•difficulty III all these processes is to obtam a pure salt of lanthanum. 
It is difficult even to ascertain when that result is attained; the only 
test is the perfect whiteness of the salts : the least trace of didymium 
imparts a violet colour to a concentrated solution, which a practised 
eye can readily detect. I was for a long time led away by the 
expectation of obtaining anhydrous oxide of lanthanum peii'ectly 
white : and have spent a great deal of time and labour in endeavouring 
to get rid of a colour whidi^ I am now inclined to beUere^ is essential 
to the substance. 



Since writing the above, I have found that the oxides of lanthanum 
and didymium may hii completely separated from oxide of cerium 
by boiling tlic eriulc oxide in solution of sal-ammoniac, after ha%ing 
dissolved the oxide in nitric acid, and driven off the acid by ig:nition, 
as already described. The eerie oxide thus obtained is of a delicate 
fawn colour. I have not yet been able to examine the results 
minutely : but the portions first dissolved appear to contaui but a 
very small quantity of didymium. This being the case, ir is probable 
that, by using a weak solution of sal-ammoniac, and properly 
fractioning the products, a pure salt of lanthanum may be at once 
obtained. At all events, this process, as far as I have examined it, 
seems more likely to yield good results than any that I have pre- 
▼toualy tried. I shall pursue this investigation, and hope soon to 
have move definite results to lay before the Society. 
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XV, — On Isomorphism, 8^c., and on a simple law, goveming aU 
crystalline /orm, by U. B. Leeson^ M.D. 

Mt fonaeff papers were more especiEUy mtencled to eondnce 
to acomet reading of crystalline fonusj and to show the rdatioiiBiiip 
which all crystals poaaeas to oortain lines of directioii^ termed 
gubernatorial azeai anch axea not being arbitrarily choBen^ but 
coinciding with the direetiona of the aggregatmg forcea, magnetie 
and electric, and evidenced by the atate of tension eadating in tiie 
interior of the cryatala, aa eihibited when such crystals aie examined 
by polarised light. 

I am the more anxioaa to impress upon all those advancing 
doctrines, having reference to crystalline form^ the necessity of a 
correct understanding of the crystals on which their obs^rations are 
based^ because^ I observe in numerous papers on Isomorphism^ 
Dimorphism, &c., that forms have been considered primary, although 
only secondary modifications ; and that substances have been ranked 
as diinorphous, althoui^h, in fact, only crystallized indifferent varieties 
of ihe same system or class. 

If Isomorphism, as the name would imply, liad rcfercuec, simply, 
to the same external cotdiu-u ration, then all substances would be 
polymorphous ; for although, only one turm may have hitherto been 
observed in any particular substance, still the instances are so 
numerous in which the same substance (as for instance : fluor spar 
sulphate of barytes, or, carbonate of lime,] does crystallize, in a variety 
of forms, that, judging from analogy, we have reason to believe, 
every substance may be similarly varied ; or, to convey our meanmg 
in other words; that each substance may crystallize in uniaxial 
biaxial, and triaxial forms, such forms being still further varied by 
imperfect or defective development, elongation and composition, for 
the understanding of which, I must refer to my former papei's^ as 
printed in the Memoirs of the Chemical Society. 

The tenn, isoinorphons, is now, then, generally em])h)yed with 
reference only to the system in which a substance is sii])])osed to crystal- 
lize; and such system or class must be determined by the position 
and leni^th of the gubernatorial axes. Perhaps I may be excused 
for sup;crn8ting, that the term, omo-axed, or simil-axed, would better 
convey the idea intended, and prevent that misconception which 
evidently exists in the minds of some observers. 

Since I first noticed the similarity of the series of forms, occurring 
in each class, I have been enabledj very conaiderably, to enlarge my 
collection, by specimens exhibiting a regular gradation of such forms. 
This has enabled me to apply the goniometer^ formerly deacribed 
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to the measarement of the meliDatum of cvf^fet— as well as of planes^ 
in a very extenuTe aeries of crystals. Thus it is that I have heen led 
to observe a very simple relation, indicatmg the law, by which so tBi 
«s my own ohsmations extend, ereiy variety of crystalline form 
senau to be engendered.'*' 

, FremisiDg that the law itself is masked (as explained in my former 
papers) by the nneqnal development of partienlar planes ; that such 
unequal development sometimes occasions the defect of certain planes^ 
and that by elongation or combination of separate forms, the 
external aspect of a crystal may be still further complicated, I 
proceed to enunciate the principle, according to which, as I believe, 
all perfect forms are produced. Of course in examining a particular 
crystal, those planes must be selected, which belong to the same 
simple form, then, such form must be considered, as it would exist, 
if all the planes were equally developed, and any delcctive planes 
siijiplied^ all this will be the more readily accomplislied, wIk n the 
method oi Natuie's proceeding, and the series of forms, ia fully 
understood. 

To enunciate then, the principle. The perfect simple forms 
constitute a series, couuncnciny ; First, wUh the uniaxial form, and 
subseqttently composed of six pyramids of four or eight sides, placed 
one at each extremity of the three gubernatorial axes. Such pyramids 
succeeding each other by a similar, and regular gradation, whatever 
BE THE SYSTEM oT disposUton, Qud uovmal length of the gubernatorial 
axes. 

' The series then may be considered as composed : 

First, of the uniaxial form. A six- sided parallelopipecl, described 
in my former papers as produced by a plane, placed on each extremity 
of the gubernatorial axes, so as to be parallel to the other two axes. 
The planes of this form may be considered as the lower limit, or sero 
in height of the biaxial f pyramids. 

: Sjscondlt, of aUemate iriaxud and biaxial forma, consisting each^ 

^ In my former ptqien, I bave already ahewn, ihi^ miifoniiity in tlie meaaureBBOit 
of ttie inclination of planes, is far from cooBtant, and iltat ihe nathematica] accuracy, 

supposed to be attainable, is not to be pxppctrd. My n\vn g;nniomrtcr nnd the 
microscope, have still further convinced me. that planes, apparently pcrfrct and brilliant 
to the naked eye, are full of inequaiilies ; and, I believe, tlial in iluor, want of attention 
ihevelo^ and of nderosooiile examination, haa eanaed mc^atioiiB to be taken for planes, 
whidk nally consisted of step-like diminutions, whilst in that substance, as in biimatli 
an(l otber metals, forms have been considered rhombic, resulting merely from tbe 
xiiiequal deposition, Or subsequent removal (bj solution, or othmrue) of lamina, on one 
or more e(i|$es of the crystaL 

t By refoniny to my preoediiigpapen,it will be nndeittood tliat tbe term '^Uaiial** 
means that the planes cut twn of the guhematorlat axea» and are paraHdl to fbe third 
ana, iriulafc " triaxial" plama cot all three azea. 
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of nx fovr-nded pyxami^i» lepkcmg, or sonnoiintiiig^ at it werc^ the 
iiniaxuil planes; and plaeed on eadi extremity of l^e gdbematonal 
axes^ in such a manner^ as that a line j<Mning the apieee of the 
opposite pyramids^ eorresponds to the guhmiatorial axis ; whilst the 
four sidM of each pyramid are parallel^ in the biaxial icfnoM, to the 
four edges of the uniaxial plsne they xespeetivdy surmount ; and, 
in the triaxial forms, to the diagonals ii such plane* 

These forms succeed each other in a aeries, prodoeed by acontunial 
replacement of the four lateral edges of the pyramid by planes ; so 
that each succeeding or preceding pyramid difosy or revohraSy as 
it were, 45® on the uniaxial plane. 

And, Thudlt, of a series of triaxial forms, composed of six eight* 
sided pyramids, produced as it were by a duplicature or repetition of 
the pyramids of the triaxial forms in the preceding or seodnd series. 
Each eight-sided pyramid ctmsistang of planes joining the four lateral 
edges of a pyramid of one of the triaxial forms in the preceding series, 
with the four latml edges of another equal and simikr pyramid, 
placed in the reverse or biaxial direction, so that the bases of the two 
pyramids, thus joined together, differ firom each other 45®. 

The primary triaxial form, may be considered as the first pyramid 
of the series, or point of departure ; from which, by the continual 
replacement of edges, by planes, the most usual and descending series 
of pyramids_, of lower ktight, is produced; whilst, by replacement of 
planes by ed^-res, an ascending series of more acute pyriiiiiids may be 
obtained. The ascending series will necessarily consist of only two 
pyramids, joined base to base, otherwise re-entering angles, as 
subsequently cxplamed, would be produced, which m inconsistent 
with a |)erfcct form. 

As an illustration of the principle, I wiQ describe the series 
as occurring m the regular, or as I term it, the rectangular equiaxial 
system, as that in which the succession may be most easily 
comprehended ; but I hope it will be fully understood, that the 
same series exists in each of the other systems and that I possess 
numerous specimens to substantiate such position, particularly in 
the oolique, and right oblique classes; figures of which, I am 
preparing for publication, in which the planes, belonging to each 
member of the series, will he designated by a particular colour, 
so as to exhibit, at one glance, the various perfect forms enterixig 
into the composition of any particular crystal. 

To describe then the series as occun'ing in the regular system. 
The figures referred to being those given with my former papers. 

First. — Primaiy uniaxial form, Cube, Fig, 7, PI. VII. 

SacoNO. — Primary triaxial form^ Octahedron^ Fig. 7, conaisting 
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of nx fooTHuded pyramicbj placed duigonally on the fiiees of the 
cube, flo as to biaeet the four edgea of each face. The height of 
the pyramid being aueh that the planes of the three pyramids^ Biir« 
rounding each comer of the eube^ coincide in one pluie | thns each 
plane of the octahedron may be oonsidered as composed of the 
planes of three separate pyramids^ and oorreaponds to the lower 
iimit or lero of the three-sided pyramid to be observed in each snc- 
eeeding triaxial form : the solid angles of the eabe hang the upper 
limit or seto of height of the three-sided pyramid. 

Third. — Primary huuBtal form, Bhomboidal dodecshedron^ Fig. 8. 
By replacing the twelve edges of the octahedron by planes, the rhom- 
boidal dodecahedron is produced, and it will be readily observed 
in ¥ig 8 that it oonsists of six four-sided pyramids placed with thdr 
aides parallel to the edges of the cube, the height of the pyramid 
being such, that the planes of the two pyramids adjacent to the 
same edg:e coincide, and thus form one plane. If the pyramid were 
of lower height, as m Lke succecdijii; biaml forms, the planes would 
as it were double over the ed^c, aud thus give rise to twenty-four 
instead of twelve planes. If the pyramid were of greater heio:lit, the 
angle across the edge would be a re-entering angle. Hence this 
form is the limit of the height of the pyramid in the biaxial 
forms. 

Fourth. — Second triaxial form, Trapezohedron, Fig. 21, PL X. 
This form results from a replacement of the edges of the rhomboidal 
dodecahedron by planes, and may be easily observed to consist of 
six four-sided pjTamids, the sides of which are parallel to the 
diagonals of the sides of the cube; but in consequence of the manner 
m which the planes necessarily intersect each other at their bases, 
the planes themselves lose their triangular outline, becoming in fact 
trapezoidal, and thus obscurmg the pyramidal nature of the form. 
The height of the pyramid being less than in the primary triaxial 
form, originates a three-sided p>Tamid, corresponding to each face of 
the octahedron, and the form might thus be considered as composed 
of eight three-sided pyramids. The solid angles of the cube or 
uniaxial form being the upper limit or zcrn in height of these three- 
sided pyramids. A line joining the opposite pyramids corresponds, 
of course^ to a diagonal of the uniaxial form. 

FiPTH. — Second biaxial form, Pyramidal hexahedron. Fig. 7, PI. X., 
produced by planes replacing the edges of the last form, and evidently 
consistmg of six four-sided pyramids of lower height than those of 
the primary biaxial form, and, therefore, doubling over the edges of 
the uniaxial form, as already explained. This doubling originates 
a six-sided pyramid, corresponding to each face of the octahedron or 
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primaify triadal form. Hence the diagonals of the w«iffgii>l form 
join the apices of the opposite six-aided pyramids. 

Sixth. — Third Trmxial form^ a more obtuse tnpesohedron. 

Seventh. — IMrd Inaxial form, a more obtuse pyramidal bea»- 
hedxon. 

Eighth. — Fourth triawial form, a trapezohedron still more obtuse. 
Ninth.-— bkunal form, a pyramidal hexahedron, witH still 
flatter pyramids. 

Unless in fluor, what I consider as step like strie be conndered 
planes, I have no specimens carrying this second series beyond the 
fifth biaxial form. 

Thibb Sebibs. — FM, a duplieatnre of the primary triaxial form 
or octahedron. The Triaxisoctahedron, Fig. 24t, PL Yin., fbnned 
of planes^ joining the edges of the primary triaxial former octahedron 
witii those of another equal and similsr octshedron resolved 45^^, thus 
forming a figure compounded of six eight-sided pyramids, placed on 
the extremities of the gubernatorial axes, or of eight three-sided 
pyramids placed on the fttces of the octahedron. The line joining 
the apices of the opposite three-sided pyramids corresponds to the 
diagonals of the nniazial form. These three-sided pyramids are, it 
will be observed, in reverse position to those belonging to the tnpe- 
sohedron. Compare Fig. 24, PI. VIIL with Pig. 7, PI YII. 

Second form, a duplicature of the second triaxial form or trape- 
sohedron, producing the Tetraconta Octahedron, Fig. 21, PL VIIL, 
composed of 48 planes, joining the four lateral edges of the six 
pyramids of the second triaxial form, with the four lateral edges of 
six other equal and similar pyramids placed in the reverse or biaxial 
direction, each plane of the cube or primary uniaxial form is thus 
surmounted or replaced by an eight-sided pyramid, and each solid 
angle of the cube or face of the octahedron by a six-sided pyramid. 

TTiird form, a Tetracontahedron, derived from a duplicature of the 
third triaxial form, and hence more obtuse. 

Fourth, a still more obtuse Tetracontahedron, derived from the 
fourth tnaxial form. 

Beyond this point, I do not posicsa, nor have I met with any 
specimen. 

Thus, it is evident, that if one number of the series can be 
fairly made out, all the others may be deduced from it ; and I 
have greatly assisted my labours by preparing and keeping by me 
a table of the successive angles of inclination, assuming 78^, 2(/ as the 
most frequently orr iirring acute angle of the oblique uniaxial forms. 

In conciusiou, I would refer to a few circumstances which have 
tended, as I believe, to eiToneous conclusions. 
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First, too nmcli relianco on the perfection of planes, which on 
examinatiun by the microscope^ would have been found imperfect. 

Next, assigning a pninary position to planes of a secondary 
charact^jr. I have already sufficiently indicated, in my iormer paper 
many instances of this description. 

I have, in my collrction, perfect rhomboids of fluor spar, pro- 
duced by the defect oJ two planes of the octahedron, as mdicated 
in Fig. 23, plate XII.; aud yet no one has hitherto ventured to 
pronounce fluor dimorphous. Again, I have cubes of fluor ai)j);irently 
rhombic, i'rom the unequal deposition of lammaj, bci'orc referred 
to, and yet similar discrepancies in bismuth and antimony have 
induced some to cou^der such crystals as not belonging to the 
regular system. 

But again, since by defect of planes, consequent on the undue 
development of the planes of any two opposite four-sided pyi*aniids, 
every form may become octahedral. It is evident, that the 
apparent proportional length of the axes in different supposed 
octahedra of the same substance may be greatly varied, and thus 
a substance, actually belonging to the reoriilar systein^ may be 
referred to the pyramidal^ merely in consequence of the octahedron 
examined, not being the prmiary triaxial variety, but a portion of 
another forzn. I have cr}'stals, both of copper and of silver, illus- 
trating this position ; and w^hich, if they had occurred to other 
observers, would, I have no doubt, have induced them to claas 
these substances, as like tin similarly circumstanced, dimorphous. 
Cleavage, in such cases, would evidently afford no assistance; 
and here again I may observe, too much reliance must not be placed 
on the coincidence of cleavage planes with those of die nniAy ift] 
form. In fluor it is well known the cleavage planes correspond 
with, the primaiy triaxial planes ; and, I believe, that in the right 
oblique system Uiey firequently coincide with the piimsiy biaxial 
planes. 

Lastly, I would caution persons not to consider crystals as 
pseudomcrphous, merely because they are of unusual occurrence 
amongst the specimens of the substance. If there is no reason 
to suppose the crystals have been actually moulded in the matrix of 
some other crystal, the term is not appropriate. I have primary 
uniaxiAl and triaxial specimens of quarts^ which others would term 
pseudomorphouSi but which, I believe, have not been formed in any 
matrix, and are only so termed, because persons hare not been 
aceostomed to believe in the existence of such forms. 
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Maitsh 19, 1849. 

The- President, in tlie Cludr. 

The following presents were announced : 

•'Memoirs upon Natural History/' collected hy W. Haidinger, and 
publisVuil liy subscription, and "Reports upon the Communications of 

the Friends ot Xalurai Scieucf in ^ lenna," from W. Haidinger. 

Messrs. C. F. Btrnaud, G. Simpson^ £. Packard aud K. Grosser, were 
elected members of the Society. 

The following papers were read : 

Anal^M of Berlin Porcelain, hy Mr. William WlUUm, Student in tke 
Ro^ CeiUtge of Chemistry. — ^The specimen analysed was taken from an 
evaporating dish and the quantities of the different ingredients were 
estimated by the usual analytical processes. The specimen as shown by 
the composition detailed below, wn^ richer in silica and protoxide of iron 
than is usually the case, while there is a defici^cy in ahuiiina and potash. 

Silicic acid 71*34 

Alumina 23/63 

Protoxide of iron .... 1-743 
Lime 0*5686 

Magneak 0*1923 

Poftaali 2001 

XVL^Noie <m the PhmphthcerUe qfMr, Waits. 
Bt Edward J. Chapman, Esq. 

The object of this communication is to point out the apparent 
identity existiiifz; between the Phospho-cerite, so ably analysed by 
Mr. "Watts, and a mineral discovered by Woiiler about three years 
agO; and named by him Cryptolite, from the Greek word upwros, 
concealed. 

This substance is contained, with several otlier minrrals, in the 
rose -coloured apatite of Arendal, in Norway, and is obtained, accord- 
ing to Wohler, in very minute hexagonal crystals, of a wine-yellow 
colour, bv dissolving the apatite in nitric acid. It is associated with 
microscopic crystals of magni tic-iron-ore, bornblendcj andau unkxkown 
substance, of a hyacinth-red colour, containing cerium. 

The specitic gravity of the cryptolite wasibund to equal 4*6, and its 
analysis funuahed : 

FhoBphorIc acid • • • 27*37 

Peroxide of cerium • • 73*70 

Pfotoiide of iron • • . 1*51 

Total . . 102 58 
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. Hie eBoeM $aw» from the protoxide of eoataioed in the 

minenly being eonverted by ignitioii into peroxide. If we calcolate 
these results tSbut the ttonuc weight of the mixed metds, eeriiim» 
linthanam.aad didyiiiiiim« the cryptoUte may be eonsidered a tribasic 
phosphate of the protoxide of oerium (8 CeO, P0*)» aiid» as sndi, 
identieal in eomposition with the phospho-eerite of "Mx. Watts, slbw- 
ing the eeiiimi of Wohler^s analysis to be a mixture of the three 
metals. 

Hacving stated to Mr. Watts my intention of olfering afew remailn 
on tlie exbting phosphates of these bases in leferenee to his phospho- 
eerite, that gentleman kindly presented me with a smell quantity of 
the mineral for examination. It ocenrs^ when separated from the 
Dannemora eobalt by mtiie aeid, in the form of a fine powder, 
consisting of crystalline grains, partly of a pale sulphur-yellow colour, 
and partly colourless ; possessing a degree of hardness equal to 5*0 
5.5, and exhibiting in an eminent degree, when examined by the 
microscope, a peculiar vitreo-resinous or adamantine lustre. The 
^ecific gravity, as determined by Mr. Watts, is 4 78. 

The greater number of the grains have no definite forni,thchr edges 
appearing more or less rounded ; but here and there may be recog- 
nised, although by no means distinctly, certain crystals, of which, 
after a careful investigation, I have been able to make out the three 
following forms : first, a more or less acute octahedron, fig. 1 ; 



Fie. I. na. 2. no. 8. no. 4. 




secondly, a combination of that form with a four-sided prism, fig. 2 ; 
and thirdly, an octahedron with its apices replaced by apparently a 
single plane, fig. 3. Figures 2 and 3 shew that the octahedron is 
not a regular one, as all the edges in the one case, and the angles in 
the other, are not modified simultaneously ; and from the general 
character of the crystals, I have been led to attribute them to the 
dimetric or square prismatic system. It must be confessed, however, 
that they do not present any visible modifications by which this dieter-. 

VOL. II. — ^NO. VI. L 8 
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mination ean be rendered certain^ and from fheir extreme minuteneMi 
it is ctf course impossible to ascertain by measnrement wlietber the 
prism be a rigbt one or not. These £»nns» tberefore, do not exelnde 
tile mineral from either the trimetrio or monodinie systems (pris- 
matic and oblique-prismatic systems of MShs), but they show ineon- 
testibly tiitt it cannot belong to the bexigonal or rhombohednd gvonp^ 
as tiie prisms of that syrtem of dystallisation cannot possess fonr 
lateral planes. 

In this lies the principal difference between the phospho-cerite and 
Wdhler's eiyptolite. If the crystalline form of the latter belong to 
the hexagonal system, the tribasic phosphate of protoxide of cerium 
most be dimorphous; but| on the contrary, if it belong to the 
trimetric ot numoeUnie systems, the hexagonal crystsls of Wdhkar are 
easily accounted for, by the truncation of either the obtuse or acute 
lateral edges of the primary, giving rise to the two plsnes ^ or ^ 
(in the nomenclature of Levy and Bufr^oy), and thus forming a 
six-aided prism. I should here state, also, that on my first examina- 
tion of the nynute grains of the pbospho-cerite, I fancied that I 
detected hexasronal prisms amongst them ; but I found aj'tirvvards, 
that this proceeded from niy having obtained a sti'OiijLr outline in relief 
of the little prismatic cryBtals^ as they rested upon one of their lateral 
planes. If we take the outline of figure 2, for mslauce, it will present 
an hexagoual fumi, appearing thus, when viewed by transmitted lights 
like the base of a six-sided prism. See fig. 4. 

If the phospho-cerite really belong to the dimetric system, it may 
be considered isomorpbous with the tribasic phosphate of Yttria, the 
phosphyttrite of Berzelius ; and I may mention, as a curious coinci- 
dence, that this latter mineral has lately been found associated like 
the phospho-cerite, with some of the Swedish cobalt ores. 

Allowmg the phospho-cerite and the cryptolite to be identical, the 
mineral kingdom would appear to possess two distinct phosphates of 
cerium J one of the protoxide, and one of the peroxide, the monazite 
or meugite of Mr. Brooke ; this latter mineral causing the evolution 
of chlorine, when decomposed by hydrochloric acid. Considering, 
however, the fact, that the amount of phosphoric acid in these 
minerals, from foui* different analyses, by Mr, Watts, Wohler, Krd- 
mann, and Hermann^ does not exhibit a difference of 1 per cent, and 
that the protoxide of cerium is very readily converted, by atmospheric 
causes even, into the peroxide, might we not be tempted to regard 
the monazite as an altered phospho-cerite, and to look upon the 
red grains, found by Wohler with the cryptolite, as forming a tran- 
sition from one to the other. The monasitej it is true^ crystallises in 
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the monoclioic or oblique-prismatic system, but this, I have shewn, is 
not incompatible with the forms assumed by the phospho-cerite, and 
the more so, as the angle M, M of the monazite^ 9;^^ closely 
approaches a right angle. 

Exposed to the blow-pipe, the phospho-cerite vitrifies partially on 
the edges and surface, tinging tiie flame at the same time slightly 
green. With the usual blow-pipe re-agents, it presents the reactions* 
of cerium, imparting:, however, to the borax and phosphate of soda 
glasses, when cold, a pale violet-blue tint, either due to the presence 
of didymium, or to an admixture of a minute portion of the cobalt 
ore. With boracic acid and soft iron-wire, it produces a brittle 
globule of phosphuret of u'on. 



XVII. — Besearches on the Electrolysis of Organic Compounds. 

Bt Db. H. Kolbx. 

eoMinnncAnto sr sa. a. w, BomAmr. 

The following" investigation has chiefly Juisen from some former 
observations* res|Kxtmg the transformations of chloro-carbo-hypo«ui- 
phuric acid, hydrochloric acid, and several other substances under 
the iniluence of oxygen, when liberated in the circuit of the galvanic 
current.f The facility with whicb^ particularly the former acid, 
resisting in the moist way the most jjowcrful oxidizing processes, 
is decomposed under these circumstances, appears to point to 
electrolysed oxygen as one of the most valuable oxidizing agents 
which are at the disposal of the chemist. Its applieation in chemical 
decompositions acquires additional importance^ smce its intensity 
may be varied^ either by concentiatinir and heating the liquid, or by 
increasuig or dimiuiahing the number of elements producing the 
electrical current. 

Starting horn the hypothesis that acetic acid is a conjugated 

* Observ^ioDs on the oxydizing action of oxygen when disengaged by means of voltaic 
electricity in the " Memoirs and Proceedings of the Chemical Society," vol. m. p. 285. 

t In the above cited investigation it was intended to state, that iu the oxidation of 
liTdroclilorie sdd by meaoi of the dectrted comni, ehlorie add sppem si the podtive 
pole even without the presenee ol an alkali. The sense of the sentence has been 
seriously altered by a misprint on page 287, line 8 from the top, hypochloric having 
been sulistitnted for " hydrochloric acid." The sentence should have been as follows : 
" 1 have ascertained that when a voltdc carrent is passed through hydrochloric, and 
cqwciillj wlten pndmidy mixed with loaia Mi^htirie add, frea d^oric and pardilone 
adds are fbcvad after the diaengegeiiient of t conddendila qoaatity «f ddodne." 
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compoond of cndie aeid sad the conjunct methyl, I considered it, 
under ilieie ebeimistanoes^ not at all improbable that electrolysis 
nttght dfect a separatioo of its conjugated oonstitnents, and that, in 
Odnseqaence of a simultaneous decomposition of water, carbonic acid, 

as a product of the oxidation of oxalic acid, niii::bt appear at the 
positive, while methyl, in combination with hydrogen, viz., as marsh- 
gas, would be obsen ed at the negative pole. 

The decomposition, which actually takes place, is not in perfect 
accordance with this supposition, as will be seen by the cxpennients 
hereafter described. The results obtained, however, are by no ineaTis 
less interesting, and deserve particular attention, openings as they do 
a pros})ect that the electrolytical decomposition of organic compounds 
will a^ord most important disclosures with reference to their chemical 
constitution. 

After having made some preliminary experiments with several 
acids belonginc^ to the acetic acid series, the products of the 
oxidation of valerianic acid appeared particularly suited for minutely 
following out the course of this decomposition, I therefore consider 
it convenient, first to describe the phenomena attending the decom* 
position of this acid, inasmuch as they form the basis for further 
experiments. 

ELECTROLVSIS OF VALEAIANIC ACIS, 

Yalerianie acid being, like acetic acid, a bad conductor of elec- 
tvieity, X employed in the eleetfolytical decomposition a concentrated 
iolation of its potash salt, prepared by neutralizing carbonate of 
potash, free from cUoridei with pore Taleffiamc acid, diskiUiBg at 
1750 (3470 P.)* 

The decomposing apparatus. Fig* l,t is a glass cylinder, 11 incbea 
in height and 2^ inches in diameter, which may be dosed by means 
of a cork ; in this is fastened a cylinder of sheet copper, closely ap* 
proaehing the sides of the glass, and to which is soldered the copper 
wire a, sHgbtly projecting from the vessel. Within the copper dieet 
Is another cylinder of platinnm foil of somewhat smaller diameter, 
teniunating in the pktmum wire and prmnted contact wil^ 

* The presence of chloride of potassium gives rise to the formation of sefOTTrlaTT 
chlorinated products requiring more minute inTCStigation . The soda salt cannot Ite 
toiployed with advantage, inasmuch as the hicarbonate, which is farmed dunug the 
dBcompoiitkMi, enfeebles to a gratt cxtaot tbs dsctricil ouirat^ iatsmptiiif it wtudy 
limards the end lit the process. The bicarbonato of potash being mon MlnUOp a few 
crystals only separate driring the- decomposition. 

t The plate containing the figures here described, not having been sent with the 
mauscript, is unavoidtbly omitted in this number of the J^nal, but wUI appear with 
tlio next. 
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the copper by » DMrrow ring of glass, placed betmea tihe two 
cylinders at their lower eztremities. Both wireiy as well aa the 
large deliyery tube e, are cemented perfeedy air tight into the oork^ 
the tabe being of sufficient diameter to admit of emptying and filling 
the cylinder without incQnrenience* 

On passing the electrical current, produced by four etements of 
Bunsen^s sinco^sarbon battery, through tiie apparatus filled to the 
height c c, with a concentrated solutioa of valerianate of potash, 
the platinum wire h forming the positive pole, the negative wiitB 
being in connexion with the eylindar of copper, the following phe- 
nomena are observed : A lively evolution of gas takes place almul* 
taneously with the formation of yellowish oily drops, possessing an 
agreeable etherial odour ; on agitation witli the liquid, the oil remains 
undissolved, even on the addition of potash. 

The remarkably odorous gases which [irc evolved during the 
process, contain, after complete expulsion of air firom the apparatus, 
no lunger a trace of oxy^n, and may be ignited without fear of 
explosion. Carbonic acid and hydrogen, however, are present in 
considerable quantities, in conjunction with a third gas burning with 
a highly luminous flame, and imparting to the mixture its pecuhar 
odour. 

After the action of the current had been continued for several 
hours, the stratum of oily licjuid on the surface had mcreased to 
the height of several lines, while the valerianate of potash was almost 
completely converted into a mixture of carbonate and bicarbonate of 
potash, the latter generally crystallmng towards the end of the 
operation. 

With a view of ascertaining at which pole each of these products 
was liberated, I endeavoured to sepai*ate the electrodes by means of a 
porous diaphragm, which allowed me to collect separately the 
substances disengaged at either pole. I employed for this purpose a 
porous cell of clay, into which a small glass tube of nearly equal 
diameter, and open at both ends, was fastened air tight by means of 
a caontrhouc joint. This arrangement containing the platinum foil, 
fornimi; the positive pole, and admitting of being closed by a cork 
fiiriushrd with a delivery tube, was introduced into the copper 
cylinder of the decomposing apparatus. 

Both cylinders were now filled with a solution of the neutral 
valerianate to the height of about one inch above the caoutchouc 
joint. It was found that on closing the circuit, only hydrogen and 
free potash were disengaged at the copper pole, while all the other 
products, the etherial oil^ carbonic aeid^ the odorous gas, and the 
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free acid, (which, in this arrangement, prevented the fomation of s 
carbonate^) appeared at the positive pole. 

VALYL. 

In the ezperimeiits Inititated for the prepmtion * ai the etherial 
oil, I prefemd lemomg the product from time to time with a pipette, 
which I introduced through the open gUuw tube e, the process being 
oontinned until the sohitton was entirely exhausted of valirtanic add. 

The alkaline residue was now again introduced into a porcelain 
dish, and nentrsliaed with pure vaManic acid; the neutrsl solution 
being again repeatedly snbjeeted to the process of deetrolysisj until a 
sufficient quantity of oil had been collected. 

The impure product^ after repeated agitation with water^ eihibita 
the lowing properties : It ia nuscible with alcohd and ether in all 
proportions, insoluble in water, and of lower specific gravity than that 
liquid. It possesses an agreeable etiierial odour. Chloride ci csldnm 
is dissolved by it, particularly in the cold, and hence the slig^ 
turbidity which is observed when the desr anhydrous Hqnid is sub- 
jected to ebullition. It commenced boiling a few degrees above lOOP 
{212° F.), the temperature rapidly rising to 160° (320° F.) and even 
higher; the last products possess a penetrating disagreeable odour, 
and dilTcr m a remark al)lo manner from the liquid which passed 
over at a lower teiiiperaturc. The quantity of carbon found in the 
distillate, collected at different teni])eratures, diminishes with the 
rise of the boiling point, deereasin;^^ from 80 to 76 per ceiil., 
while the amount of ox} i:ren^ v<n ving between 6 and 10 per cent, is 
found in the inverse pro}>ortioii. The disaiireeably smelling oil 
distilling towards the end of the operation, appears to be formed only 
by the action of chloride of cakium on the original compound ; but 
even when distilled in vacuo at very low temperatures, the distillates 
collected at different stages of the process exhibit a composition not 
less variable. 

It appears that the impure oil is a mixture of at least two sub- 
stances, its deportment with an alcoholic solution of potash aifording 
a powerful argument in favour of this opinion. 

On boiling a mixture of this oil with an alcoholic solu- 
tion of potash in a flask connected with the lower extremity of 

• The decomposing apj^aratus empioyeU in this and the following experiments, 
placed In a jtmd mitet at tlte tempecaliize of Of' C. The solution of valeriauate ut 
polaih being modmtdy liwte^ hardly a trace of tlie oil it produced, tbe deoompodtioa 
ialdng place in an calirdj «SflbfCat manner. 
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a Liebig^i eoadenaer, placed in such a position as eontinually to 
fetnm the condensed products to the boiling fluid, the following 
phenomena are observed. Immediately on the application of heat, 

bnbbles of a gaseous body are seen to rise, possessing the charac- 
teristic odour of the compound, which, in the electrolytical decora- 
position of valerianate of potash, accompanies the evolution of 

hydrogen and carbonic acid : hence, it appears that this gas, 
which is held in solution by tlie liquid, becomes libcrati d when heat is 
applied. In a short time the evolution ceases, and the odour of the 
gas is no longer perceptible ; when in a full state of ebullition the 
oil, previously colourless, assumes a yellowish tint, and becomes 
slightly turbid, while a heavy, a])|);Lrently oily liquid collects at the 
bottom of the tlask, which on cxaiiiioation is found to be an aqueous 
solution of valerianate of potash. To effect complete decom})ositiou 
of the constituent affected by potash, at least half an hour's ebullition 
is necessary. 

On mixing the liquid after boiling, with a large excess of water, a 
light etherial oil separates, w Inch, after .standing for some time, collects 
on the surface into a clear transparent layer; repeatedly washed with 
fresh portions of water, and subsequently dried by chloride of 
calcium It exhibits a pretty constant boiling point at 108° (226*4 F.). 
The fraction distilling at this temperature, when subjected to a second 
rectiticatioii boiled at the same point, the first three-fourths of the 
product bcnig collected. Tlie quantity of pure substance thus 
obtained exceeds half tlie original volume of the impini^ oil. The 
purified compound presents itself in the iovm of a rlrar pellucid 
fluid of agreeable odour, and hrst insipid, thoujj;h atterwards of a 
burning taste; miscible with alcohol and ether in all proportions, it 
is perfectly insoluble in water, which readily preci]>itates it from its 
alcoholic and etherial solutions. It boils exactly at 108*^ (226*4^ F.), 
distilling without change to the last drop. It is inflammable, and 
bums with a strongly luminous smoky flame. It dissolves chloride 
of calcinm, but to a leas extent than the impure oil. Its specific 
gravity at W (64»4 P.) is 0*894, that of the vapour being 4-053. 

By combustion with oxide of copper* the following results were 
obtained : 

* It is impossible to burn this siiTi>tnnoe, sn rich in carbon, with either protoxide of 
copper or chronutte of lead aloite, a 6niaU quaatiiy of metallic carbide being formed, 
wUeh oeesdoM a dMeuey in the earbon tiiUHUitiiig to between S*B and 0*8 per cent ; 
hum oombaetion with oxygen ie absolotdy necewary, the lettor being conveniently 

evolved from small pieces of perclilorate of potash placed at the posterior end of the 
combustion tube, a plug of dry asbestos preventing contact with the protoxide of 
VOL. II. NO. VI. M 
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I. 0 1 825 grm. of substance gave 
0*5630 „ „ carbonic acid, and 
0-2610 „ water. 
II. 0*1578 „ yy substance jrave 
0*4855 „ carbonic acid, and 
0'2260 i, „ water. 

These numbers lead to the formula 

Tlieory. Experiment. 

8 cquiv. of Carbon . 600 0 ^ 8?3 841 ^ 84-0 

9 „ „ Hydrogen. 112-5 15-8 159 15-8 

712-5 100-0 100*0 99*8 

This compoiiud possesses the composition of the, intlicrto liypo- 
thetical, radical of the still unknown alcohol belonging to butyric 
acid (Cg llg 0, 110), or the radical which, in valerianic acid, we 
assume to be in combination with oxahc acid« I propose to call it 
valyl. 

Without entering here minutely into the question, whether \ alyl is 
indeed the radical of an alcohol correspondinG: to methyl, ethyl, and 
amyl; I will only mention one fact, which, in support of such a suppo- 
sition, may seem of some im])ortance ; viz. that the specific gravity of 
its vapour exactly coincides with the number indicated by theory. 
According to the analosry of the methyl and ethyl series this com- 
poiiud would contain 1 of carbon vapour, and 9 vol. of hydro|pren 
condensed into 1 vol., hence the density of its vapoor would be 
3-9387, viz. : 

4 vol. of Carbon . , » 3-3168 
9 „ „ Hydrogen . • • 0*6219 

1 vol. of Valyl . . , , 3-9387 
Experiment gave the foUowing xesnlte : 

Substance employed . « • 0*2065 gnn. 

Yolumeof vapour obBenred . . 68*8oe 

Temperature .... 133*8^0. 

Barometer 752*9i^ 

Mercury-column . • . 64*0<i>n 

F^eBong oil-eolumn at 17^ . 262*0*" 

copper. In addition to this precaution, it is necessary to attach to the common bulbt 
a tube oont^ning viM potuh, in order to absinb 4iie iqiwoin va|ioiir Tfthtilwiftl in ttef 
gases paidiig thiongh the poiiisb appsntiiB. 
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The speaiic gravity of valyl vapour as calculated from tlie i\)r«gQiu^ 
numbers is 4*053, closely coinciding with the theoretical value. 

Ydiyl is difficultly acted on by oxidizing agents ; moderately strong 
Bitrie acid, or a mixture of chromate of potash and sulphuric acid 
have very little action upon it even after continuous ebullition ; strong 
fuming nitric acid^ however, especially after the addition of sulphuric 
acid, com])letely oxidizes this compound, nitrous fumes being evolved, 
while the oil gradually disappears. On neutraliEins: with carbonate of 
baryta, evaporating the filtrate to dryness, and extracting the residue 
with strong boiling alcohol the nitrate of baiyta remains undissolved. 
The alcoholic liquid when evaporated leaves a saline residue, the 
distillation of which^ with sulphuric acid, yields a yellow acidulous 
liquid, possessing in an eminent degree, the characteristic odour of 
butyric acid. On Dcntralizing the solution with freshly precipitated 
carbonate of silver, and filtering whilst boiling, a crystalline silver 
salt is deposited on cooling, which is readily darkened by exposure to 
Ught, or by continued ebullition with the mother hquor. The dry 
sidt does not detonate when heated. The potassium, barium, and 
lead salts, do not appear to crystallize; want of material has pre- 
vented me from determining the composition of this acid, and of its 
salts by analysis ; considering, however, the mode of its formation, 
the peculiar and unmistakcaV)!* o lour of butyric acid, and its yellow 
colour, it becomes very probable that this compound is a mixture of 
butyric acid, and of nitrobutyiic acid. 

corresponding to nitro-metacetonic acid. 

Tli( following equation represents the transformation of valyl into 
butyric acid. 

Cg Hg + 5 0 = HO, (Ce H,) O3 + HO. 

w-- * v ' 

Vslyl. BuAyiieadd. 

Dry cbloriae baa no aetbn on valyl in the dark, the minutest ray 
of light, however, suffices ion the immediate production of hydro* 
ddone aeid vapoiu?^ wbile chlorinated substitution compounds are 
mmnltaiieously formed. By an exeess of chlorine the liquid gradually 
becomes converted mto a semipflnid almost viscid mass : direct com- 
btaatioB of chlorine and valyl, without elimination of hydrogen does 
not oocor under these ctzeamstaaces. 

The aetioii of bromine on valyl, slthougb less powerful, is attended 
with similar phenomena; iodine is dissolved in considerable quantity 

M 2 
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by it without however entering into combination ; sulphur likewise 
has no action upon it. 

The decomposition of valerianic acid into valyl and carbonic acid, 
with the simultaneous evolution of hydrogen is represented by the 
following equation : 

HO, (C, H,) c O, = C, H, + a CX), + H. 

Valerianic acid. Valyl. 

which is 80 exferemely simple^ that further elucidation would be 
superfluous were not other products formed at the same time. In 
order clearly to understand this peculiar reaction, we must direct 
our attention to the study of the two bodies occurring with it ; yis. : 
l3ie oxygenated constituent of the impure oil, and tbe odorous gas 
evolved with the carbonic acid. If we consider the fact of the 
dimination of valyl at the oxygen pole of the battery, the idea 
naturally suggests itadf, that a partial oxidation of it into oxide of 
valyl may there be effected; the supposition, however, that the 
original c^l consists of a mixture of valyl and its oxide is immediately 
diBCountenanoed by its peculiar deportment with an alcohoUc solution 
of potash, unable, as we are, to understand what kind of compound 
would be thus produced. The potash solution with which iJie oil 
had been boiled, when diluted with water to separate the valyl, 
evaporated to dryness, and distilled with sulphuric acid, was found to 
contain a considerable quantity of valerianic add. The presence of 
this add may be most easily explained, by assuming the existence 
and decomposition in the liquid, of a valerianic ether, an assumption 
which would l6ad us to consider the oxygenated constituent of the 
origiual oil as valerianate of oxide of valyl. The formation of - this 
ether will be easily understood, if we bear in mind, that together vrith 
valyl and oxygen, valerianic acid is likewise liberated at the pomtive 
pole simultaneously with oxide of valyl in the nascent state. 

It is true, that in the above decomposition by an slcoholic solution 
of potash, according to the analogy of the compound ethers generally^ 
hydrated oxide of valyl should have been liberated. 

If, however, and it can hardly be doubted, the hydrated oxides of 
amyl, valyl, and ethyl, present tiie same rdation with reference to 
their miscibiliky with water, as do valerianic, butyric, and acetic 
acids, the ratios of whose solubility are inversely as their atomic 
weights, it is at once intelligible why, with so small a quantity of 
substance at my dispossl, I did not succeed in separating the 
hydrated 'oxide of valyl from a liquid containing alcohol in solution. 
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The presence of this compound, however^ was proved to a certain 
extent by the following observationB* The alcohol containing vale- 
rianate ik potash was diluted with water to separate the valyl, and 
distilled off from the valerianate. On introdncing the first portion of 
the distillate into a boiling mixture of bichromate of potash and 
dilute anlphnric acid, a product passed over, possessing in an eminent 
degree the charaeteristie odour of both butyric and acetic adds. A 
further confirmation of this view of the composition of the erode oil 
is afforded by analysis. 

The substance for investigation was repeatedly washed with water, 
(first with a dilute alkaline solution), drieil over chloride of calcium^ 
and distilled in vacuo at a low temperature. 

0*1175 grm. of the distillate gave 

0*3320 „ J, carbonic acid, and 

0*1475 „ „ water. 

corresponding to the following compositioo per cent. : 

Carbon . . . 77*0 
Hydrogen • . 13-8 
Oxygen . . .9*2 

1000 

If, starting with the formula Cg 0, (Cg H,) Cg O3 for the 
oiygenated oil, we calculate from the quantity of oxygen found, the 
per-centage of carbon and hydrogen belonging to this compound, we 
arrive at the following composition : 

18 equivs. Carbon . • 81*0 

18 „ Hydrog^ • 6*1 

4 M Oxygen . . .9*2 

45*3 

by subtracting these numbers from the above we obtain carbon and 
hydrogen exactly in the proportion required by the composition of 

valylCCsHg). 

Bxpcrimeiit* TliMiy* 
Carbon • . . 46*0 46*1 
Hydrogen . . 8*7 8*6 

A similar mixture, prepared at a different period^ when subjected to 
combustion gave the following numbers : 

0*2647 grm. of substance gave 
0*7600 „ „ carbonic acid, and 
0-3420 f> » water. 
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ind a simihr cakalatioii kads ns to tbe foUowing reBnlts : 

Bxpaimeiital Composition of CtmporitSoii of Theory. 

per-centage. vatorianate of ytlyl, wlyl. 

53-3 53-4 



Carbon . . 78 3 ] f 25*0 ^ 

Hydrogen . 14*3 y minus 
Oxygen • . 7.4 




= 101 100 



1000 86-6 68*4 63 4 



It now only lemains to detennine the nature of the gas evolved 
with carbonic aeid^ in ihe decompoaitioii of valerianate of potash. 
In order to separate this gas icma the vqwur of valyl evaporated 
with it^ as well as from carbonic acid, I passed it from the de* 
composing apparatus through a system of tubes, {fy. 1). dd is an 
empty tube blown out to a bulb in the lower part> and surrounded 
by a frigorific mixture. In this tube the larger quantify of valyl 
vapour is condensed^ a small portion which may have escaped lique- 
ftetion being arrested in a Licbig's apparatus filled with alcohol, 
the vapours of which are condensed in a similar apparatus A containing 
water. Tlie two following bulbs k and / are filled with a solution of 
potash, while the tube m contains potash in the solid form, serving, 
both for the separation of carbonic add, and for the complete dessi- 
cation of the gas. Finally, to obtain a perfect mixture, the evolved 
gases were colleeied in the gas-holder B, which consists of a cylinder 
of glass, 3 inches in diameter, and 11 inches in height^ containing an 
inverted bell*jar, open at ti^e lower extremity, and enclosing one 
vertical branch ik each of the two U-shaped tubes s and The bcD- 
glass is fixed by a holder in its lowest position^ and the apparatus 
filled with mercury to such an extent^ that the two tubes Uirough 
which the air contdned in the beH-jar is expelled^ rise only a few lines 
above its surface. The tube #, moreover, at its horizontal extremity 
is connected by an air-tight caoutchouc joint with the tube m, while 
the branch communicates in the some manner with the delivery 
tube r, whidli may be evened or closed at pleasure by depressing 
or elevating it from the mercury of the trough ; both the conneetcn 
being, moreover, Ihmished with caoutchouc valves. 

"When the evolution of gases^ occasioned by dosing the gslvanic 
circuit in the decomposmg apparatus, had lasted neariy half an hour 
without intemiption, and all the air contained in its difieie&t parts 
had evidently been expelled^ the caoatehoue valve v was closely tied^ 
while the holder with which the bell-jar had been depressed in the 
mercury, was gradually elevated as the vessel became filled with the gas 
generated by the decomposition. When a snfficient quantity of gas 
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had been eoUectod in thiB nuumer, the evolution was interrapted by 
breaking contact. By nofw tying the valve p, the gasea contained 
in the gaa-bolder were no longer in connexion with the generating 
appanktoB. By opening the valve p, and depressing the bell-jar^ the 
quantity of gas required could easily be collected over mereory^ 
and then transferred into the eudiometer^ or into the glass balloon, 
for tbe determination of its specific gravity. 

In determining the specific gravity, the following numbers were 
obtained: 

Vol. of gas in balloon . . . 15^ C. 756*9** 86*4 c.c. 

Weight of balloon filled with gas 15* „ 771*0 „ 61*628 grm. 

„ air 15%, 771 -0,, 61-672 „ 
From the above numbers, the speciJdc gravity is calculated as 
0-604. 

In performing the eudiometrical analysis, I availed myself of tbe 
circumstanee of the odorous constituent being absorbed by sulplmric 
acid. I therefore introdncLd uno a measured volume of the gas 
a coVe ball, saturated with stroiii: funiinir acid; the sulphurous acid, 
together with the suljihuric vapouis, beuig subsequently removed by 
a moif^tened ball of potash. 

In tlua manner^ the following numbers were obtained : 

I. 

y , Height of mer. Corrected 

^ua^^r'^A Temp. Bar. cury above kvel vol. 
obierved. m the trough. OOCl-. 

Press. 

Original vol. (dn ) 117 7 9*9 766-9»« 65-0«"» 79 6 

After absorption 1 
with sulpiiuric aeid ^ 88*8 9*0 761-1 „ 93 3 „ 67*4 

and potash (dry) J 

The quantity of odorous substance in the mixed gases absorbable 
by sulphuric acid, consequently amounts to 27'8 ])er cent. 

The residual gas, no longer possessing any odour, and burning 
with a pale blue, non-huninous flame, was transferred into a 
eadiometer furnished with platinum wires, and exploded with oxygen, 
when it wa« found to consist of pure hydrogen. 

Another portion of the above mixture, when exploded with oi^gen, 
ga?e the following reanlU : 

II. 

y-l Height of luer- Corrected 

Temp. Bar. CU17 above level toL 
ooMTreo. ^ ^ ^ij^^ ^ ^ 

Prest. 

Oiigmalvol. 75^.^.. 353.^.. ^.^ 

(moist). J 
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1419 189*6 
242 3 „ 106-4 

318-2 „ 61-4 

The gas ranaiDing after the absorption of carbonic acid eonaisted 
only of pure oxygen, as had been ascertained in a previous expoiment* 
The above analysis leads to the follo^iving results : 

Votmne of eombostible gas. Oxygen com**. Carbouic ucui prod**. 

42-4 . . 85-7 . . 47-0 

or 

100-0 . . 2021 . . 110-8 

The mixture of gases under investigation containing^ according 
to experiment II, 72*2 per cent, of h) drogeu, requires 36*1 vol. 
of oxygen for its combustion; it is therefore evident that the 
remaining 27*8 vol. require 166 (= 202*1 — 36-1) toL of oxygen, 
in order to produce 110*8 vol. of carbonic add. Hiese numbers 
stand very nearly as, 1 : 6 : 4, or, in other words, 1 volume of the 
odorous gas requires 6 toL of oxygen to produce 4 vol. of carbonic 
acid. Four vol. of carbonic add consisting, however, of 2 vol. of 
carbon and 4 vol. of oxygen, and altogether 6 vol. of oxygen 
having disappeared, 2 vdi. having evidently served for the combustion 
of 4 v<d. of hydrogen, it is obvious that the odorous gas contains 
2 vol. of carbon and 4 vol. of hydrogen condensed into one volume ; 
hence its specific gravity is, 1*934. 

2 vol. of Carbon vapour • • 1*658 
4 „ „ Hydrogen . . 0*276 



1 ff n ^4 II4 • • . 1*984 

According to the above experiment, the specific gravity of a 
mixture of 72*2 vol. of hydrogen, and 27*8 vol. of the carbo-hydro- 
gen, is equal to 0 604; hence it follows that the specific gravity of 
the latter alone is, 1'993, closely coindding with the result of 
experiment. * 

The odorous carbo-hydrogen evolved at the positive pule m the 
electrolytical ckcompositiuii of valerianate of potash, according to 
these ex])cnmeuts, exhibits the composition of olehant gas, but 
possesses a specific gravity double that of this compound. In this 
respect, it agrees with the carbo-hydrogen discovered by ii'arad&yi 



After admission 75a.3».-. 
oxygen (moist), J^^*^ ^ 

After combustion *\ <voo - , , , --^ ^ 

(mdst). P^^'^ 11*1 

^''c5\7y)?'''4^^'^ 13-0 759*1,, 
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and Darned by Beneliat iUetryl, with which it, in fact^ appeals 
identical by its comportment with chlorine; 

If the mixed gasea, waahed with potaah and alcohol, and collected 
in the gas-holder, be passed through a chloride of calcium tube into 
a flask (provided with three tubdnrea, one of which terminates in 
a narrow aperture), and mixed with perfectly dry chlorine, an excesa 
being carefully exdnded and light as much as poasible avoided, the 
sides of the flask become quickly covered with oily drops, which 
soon collect into larger globules, and flow oat from the lower aperture, 
while hydrochloric acid, formed by the direct combination of chlorine 
With the l:ee hydrogen, is disengaged. During the whole process a 
slight evolution of heat is perceptible. 

About half an ounce of the oily liquid, which had been collected 
in the vessel placed under (lie lower aperture of the tlask, was 
first treated with slightly alkaline, and alterwauls with pure water, 
in order to separate dissolved hydrochloric acid ; it was then dried 
over fused chloride of calcium, and subjected to a fractional distil- 
lation. The portion which boiled between 125° C. (257" F.) and 
130" C. (266" F.) forming by far the larger quaritity, was separately 
collected and purified by repeated rectifications, when a nearly con- 
stant boiling-pomt at 123** C. (253-4 F.) was obtained. 

This compound possesses the folio win £^ properties. It is a clear 
colourless etherial liquid, insoluble m and heavier than water. It has 
an agreeable sweetish odour and taste, deceptively similar to that of 
Dutch liquid. It dissolves with facility in alcohol and ether, and 
boils at the constant temperature of 123** C. (266^ F.) ; mixed with 
alcohol it burns with a hnninous smoky flame, with evolution of 
hydrochloric acid. Its specitic gravity at IS C. (G4-4! F.) is 1*112, 
the density of its vapour 4*426, the latter being calculated i^om 
the following data : 

Substance employed . . . 0 244grm. 

Tol. of vapour obaenred . . 67-7 c. c. 

Temperature .... ISQ-O^G. 

Bar. presamre .... 7510 mm* 
Col. of mercury to be deducted , 510 „ 

Preaaure of oil col. at 17<^ C. . aee-O „ 

By combubtiou with protoxide of copper the foUowmg results were 
obtained : 

I, 0*3990 grm. of substance gave : 
0*5590 ,, „ carbonic acid, and 
0-2470 water. 
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II. 0*2166 „ ^ passed over ignited lime^ disiolved in 

nitric add and predpitated with nitnte 
of iiiher gave : 
0*47W ^ M ebloride of «ilv«r. 

These numbers coincide with the formula : 

C4 H4 CI, or Cb Hg CV 




8 equiT. of Carbon « . 600*0 87*9 88*2 
8 „ „ Hydrogco • 100*0 6*8 6*8 
2 „ „ Chlorine . . 886*0 55*9 65'6 

1586^ 100*0 100*5 

If we adopt, in this compound, a similar condensation of the 
elements^ as in the oil of olefiant gas^ the specific gravity of its 
vapour dliould be, 4*3837. 

2 vol. of Carbon . . 1*6584 
4 J, „ Hydrogen . . 0 2764 
1 Chlorine • . 2*4489 

1 „ „ the new Chloride . 4*3837 
(with this number the result of expenment 4*426 closely coincides). 

It would have been extremely interesting to have studied the 
comportment of this compound with an alcoholic solution of potash, 
since ita analogy to chloride of elayl justifies the expectation that, 
in this case, chloride of potassium, and a compound corresponding to 
chloride of acetyl would have been formed, the latter bdng repre- 
sented by the fcnnnula : 

The unaQ quantity of liquid at my disposal, unfortunately, did 
not allow me to pursue the aubjeet any fhrthcar. I must therefore 
confine myself to mentioning, that on heating an alcoholic solution of 
the compound with potash, a copious crystalline precipitate of chlo- 
ride of potassiam waa formed, while the characteristic odour of 
the compound waa xqplaeed by that of a Tery volatile liquid, haviug 
probably the formula : 

which remaining dissolved in the alcoholic solution, was precipitated. 
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Qaibe aJditiflB of mtev in amall dxt^ wtuehiepanitiiig at tke iidas 
of the Tend* uoifted only with diffienfty ; the liqnidtfemuning milky 
for « considerable period. 

By the action of chlorine, on the aboYe carbo-hydrogen, with 
the fluid boibng at 128<> a (^^4 F.), higher chlorinated products 
are formedj even wheo an excess of chlorine has been carefiilly avoided. 
The slow elevaEtion of the boiling-point from 128^ C. (268^-4 F.) to 
l&Jfi C. (8301^ F.)j at once intimates that we have, in this case, oUier 
sobstances richer in chlorincj which possibly mig^t have been scpa^ 
rated by fr actional distillation of a larger quantity. 

The combustion of 0*3620 grm. of the product, distilling at 182^ C. 
(289^ F.), gave 0*4600 grm. of carbonic acid, and 0*1800 grm. 
water, corresponding to the following per-centage composition : 

Carbon . . . 84*6 
Hydrogen • . 5*5 

A compound still richer in chlorine is obtained by passing the gas 

through pcntachloride of antimony, and distilling the substance thus 
produced. During the process of absorption, the mixture blackened, 
with the evolution of hydrochloric acid. The oily product ubtaiiicd 
was puriiied by repeated distillation with water, dried over chloride 
of calcium, and subjected to analysis, when it exhibited the following 
per-centage composition : 

Carbon. • . 28-4 
Hydrogen . . 4 0 
Chlorine . . 68*^2 

being evideutly a mixture of dilfcrent chlorinated compounds^ whose 
composition may be represented by the general formula : 

Cg H (a^) CI (j+ji 

The opinions of chemists regarding the rational composition of the 
oil of oleiiant gas, are, as is well I<i io\\ n, still divided, as to whether 
it should be considered as the cbloiinc compound of a radical C2H2, 
or whether its atomic weight should be doubled, m which ease it 
would appear as the hydrochlorate of chloride of acetyl. 

Thb question must remain undecided as long as both views can still 
claim arguments of equal force. Now, whichever of these opinn)iis 
may in future be found correct, it will evideutly deU^mme our views 
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respecting the chemical conBtitution of the above chlorinated oil pro^ 
dttoed from ditetryl, or^ in other worcb, it will decide whether we 
have to adopt the formula: 

C^H,Cl,orC3{^\'},HCl, 

as the true eiponent of its rational composition. This supposition 
onee recognised will add new force in favour of the latter mode of 
representatiouj if we bring to bear upon this case the law of Kopp 
respecting the regularity displayed in the boiling points of homologous 
liquids, (to employ an expression lately introduced to designate the 
members of such series of bodies), which, like the alcohols or the 
fatty acids, are represented as being derived from a starting member by 
the addition of n times C3 Hg, C4 H^, on any other carbo-hydrogen, ex- 
periment having (within certain limits) evinced the fact that the boil- 
ing points of homologous fluids rise 19^ C. (34^ F.) for each additional 
equivalent of the carbo-hydrogen Cg Hg. The chloride of ditetryl, 
C4 H4 CI, which boils at 85® C. (185« F.), differing from chloride of 
elayl by one equivalent of the carbo-hydrogen H^y should boil at 
KM?** C. (219°*2 F.) ; on doubling, however, the atomic weight of the 
two bodies, (chloride of elayl C4 H4 Cl^, and chloride of ditetryl 
Hg Cy, their elementary difference becoming equal to 2 (Cg Hj), 
the boiling pomt of the latter should be 12d<^ C. (2680'4 F.), which 
is the temperature actually observed by eicperiment. Although this 
observation cannot be considered as a direct argument for the'assomed 
molecular arrangement, I consider it nevertheless of sufficient weight 
to assist in the ultimate decision of the question regarding the atomic 
conBtitation of the two compounds. 

We find no difficulty in explaining the formation of the carbo- 
hydrogen C4 H4, or Cq H3, £N>m vaterkinie add ; like the valerianate 
of the oxide of valyl, it is evidently a secondary product of the decom- 
position of valyl, ttid most probably fbzmed by the aetbn of the 
oxygen separating along with valyl^ at the positive pole. We may 
assume that, under the influence of this oxygen, valyl is deprived 
of (me equivalent of hydrogen, yielding one equivalent of ditetryl 
and one equivalent of water* 

The action of dectrolized oxygen, on a solution of valerianate of 
potash, therefore gives rise to three distinct phenomena: 

1st. A decomposition of the acid into valyl and carbonic acid : 

HO, (Cg Hg) Cg 0,+0=C8 Hg+2 COa+HO. 

^ ■ ^ * III ^" V' ^ 

V 

Yaici'iAuic acid. \ alvl. 
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2iidly. The decomposition of valyl into ditetryl and water : 

Cg Hg -h Ps2 (C4 H4) + HO. 

Vaiyl. JJitetryl. 

3dly. A direct oaddation of valyl into oxide of valylj whieh com- 
bioes in the nascent state with free valerianic acid. 

C3 0 -h (C, H,) Ca O3 = Ce II9 O, (Cg 11,) O3. 

ValyL Yateriaiiic add. Valerianate ot mdde at valyl. 

The two latter processes appear to take place aimnltaneonsly, though 
perfectly independent of each other. I ha?e not, however, aaeoeeded 
in exactly ascertaining the circomstanoes which fiivour the formation 
ol the one or the other. 

£LECTEOLT8IS OF ACETIC ACID. 

The remarkable analogy of the series of acids (Cg Hs),|+04, induced 
me to believe that acetic acid would undergo a similar decomposition 
to valerianic add, yielding, by absorption of one equivalent of oxygen^ 
methyl and carbomc acid : 

HO (C, H3) Ca O3+ 0=Ca CO^+HO. 

In a preliminary experiment, it was found that on decomposing 
a concentrated solution of acetate of potash, gaseous products only 
were evolved, consisting of carbonic acid, hydrogen, a combustible 
inodorous gas, and a compound possessing a peculiar etherial 

odour, and ab.^orbable by sulphuric acid. In the investigation of 
these gaseous products, 1 availed iiiysLlf of the same decomposing 
apparatus as was employed m the decomposition of valerianic acid ; 
the evolved phases were first passed through a series of bulb tubes 
containing potash, afterwards through a tube tilled with sulphuric 
acid (for th(; absorption of the odorous gas), and tiually made to pas^s 
through a tube containing pieces of fused hydrate of potash, previous 
to collection in a gas-holder. In this operation it is necessary to 
employ a very concentrated solution of the potash salt ])erfectly free 
from chloiidc ul potassium, the smallest trace of the latter p^iviiii*: rise 
to the formation of chloride of methvl, which is easilv reco'jrnisnhle 
by the green-bordered £ame with which it bums when inflamed m 
contact with the air.* 

* In a aiiDilar manner various oiber aeeondary produeta are liormed, a mixture cf 
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When the evolution of gas had continued for about an hour, and 
had entirely displaced all traces of atmospheric air contained in the 
system of tubes and the gasometer, I filled the latter by gradually 
raisuig the bell , tlic drlivery tube dii)ping under the mercury. The 
apparatus bcinL'^ too small to allow a sufficient quantity of gas being 
collected for lakiiig lU speciiic gravity, for cudiometrical analysis, and 
for combustion with protoxide of copper, the bell-jar was again fixed 
before being completely filled, and the gas issuing from the tube r 
was collected in a flask, for the determination of the specific gravity. 

The contents of the gasometer were now easily confined by tying 
the caoutcliouc valves p and v over the inserted glass rods, after the 
collection of gas had ceased from the interruption of the galvanic 
current. 

In determining the relative proportion of carbon and hydrogen, an 
ordinary combustion-tube, open at both ends, was employed ; when 
filled With freshly ignited protoxide of copper, the anterior extremity 
was connected with the usual potash bulbs and chloride of calcium 
tube, the posterior end being attached by a caoutchouc tube to the 
gasometer. After opening the caoutchouc valve v, the silken cord 
was untied, and by gently depressint^ the bell-jar, a continuous 
stream of gas passed over the i^nili d protoxide of copper, until a 
BuflBcicney of carbonic ac nl and water had been collected, when the 
caoutchouc valve was again closed. The posterior tube connected 
with the gas-holder was now cut, in order to idlow of the removal 
of the carbonic acid remaining in the aj^paratus. 

The following are the numbers obtained : 

Carbonic add . . 0'2470 
Water .... 0*2685 

corresponding to a ratio of 1 equivalent of carbon to 2 06 equivs. of 
hydrogen, or of 1 volume of carbon vapour to 5-2 vols, of hydrogen. 

The specific gravity of the gas collected in a small flask over 
mercury was found to be 0'403. 

Temp. Pressure. 

Volume of gases in flask . . . 19 3^.749*2'"" 211*3 cc. 

Mereory column to be deducted • l&'O^^ 

Weight of flask filled with gas . 22*(y»G. 749.0 „ 46*669 grm. 

Weight of flask filled with air . ^ 46*819 „ 

valerianate of potash and chloride of potassium, for example, produces in thr jilace of 
valyl, a chlorinated, etherial compound ; a di&agrceably smelling compound u obtained 
by exposing a inixtiiR of aeetato of pottsh and snlphide of potasaiiini to the setton oft 
pdmie emciit, the anode being formed of a plalinum plate. 
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The futlier data fbr tiie oGmpoiitkm of the gaa mn obtained by 
eadiometrical analysis, which exhibited the pretence of a minute 
quantity of oxygen. 

OlMemd. Temp. Bar. ^!i?L^ " to?^c! 



Vohune of gas"^ 

employed 137-8 l9-a°C. 747-2*" dl-S"" 89-6 
(moist). J 

After absoiption'l 

ofojgrgen VlBSt-O 19^ „ 74(H) « 85*9 „ 86-9 
(moist). J 

The quantity of oxygen, therefore, amounts to 3 per cent. The 
residuaiy gaa waa transferred into a larger eudiometer, and detonated 
nith oxygra in experiments 11 a. and 11 b,, the following numbers 
were obtained : 

II a. 



ployed (moist), j 
After admission of 1 

oxygen (moist)./ 
After combustion 1 

(moist) . / 
After absorption of \ 
carbonic acid (dry) / 
After admission of \ 
hydrogen (dry). J 
After combustion •» 

(moist). / 



ployed (moist), 
yter admission of 
oxygen (moist). 



(moiat) 
After absorptio] 
of carbonic 
(dry) 



orptionl 
c acidj- 841*4 



Temp. 
€• 


Banutt. 


Height af 

mercury 

cohimnu 


Corrected vol. 
©• C. and 1« 


180 


749-0"'" 


373-4'— 


67-6 


17-4 


751-2 „ 


92-3,, 


287-6 


18-0 


7511 „ 


226-6,, 


166-4 


17^7 


748-8,, 


288-6,, 


122-3 


17-8 


747-5 „ 


6 0„ 


3990 


17-4 


748-9,, 


460-2,, 


29*4 


II b. 






lS-9 


740-2,, 


476-8 „ 


21*26 


19*0 


740-3 „ 


153-7,, 


218*7 


190 


740-4 „ 


197-1 „ 


180-43 


18-0 


744-0,, 


222-1 „ 


16715 
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VoLofgttM Oiygen Cwboaic idd 
used. consumed, generated. 

Experiment II a 67 6 97 7 481 

Experiment II & 21*26 60*3 13-3 

In calculatmg these nnmben for a mixture of hydrogen and methyl, 
we find that in both experiments a smaller quantity of oxygen has 
disappeared than is required for the perfect eombustion of such a 
mixture. 

This circumstance appears to point out the presence of oxide of 
methylj which accompanies methyl itself in pretty constant proper* 
tion. In designating the quantity of combustible gas employed by A, 
the oxygen which has disappeared by B, the carbonic acid produced 
in combustion by C; and further, the quantity of oxygen, methyl, 
and of oxide of methyl, respectively by and z, we arrive at tiie 
following equation, 

« + y + ss A 
i« +3i y +3ir = B 
2y +2 r = 0 
by which we obtain for y, and Zj tlie loUowing values : 

^^2A--C 
2 

y 2 
:= A + 3C — 2B. 

If we now substitute for A, B, and G, the numerical values found, 
we arrive at the following composition Ibr the two oonanmed volumes 

of gas (Exp. II a and II b) : 

Expcrunent II a. Experiment II ^. 

Hydrogen 46*1 1460 

Methyl 20-0 610 

Oxide of methyl . . , 1*5 0 56 

Total volume . . 67-6 21*26 
Hence, from experiment < I. nnd II., results the following per- 
centage composition of the mixed gases : 

Oxygen 30 30 

Hydrogen 66*0 666 

Methyl 288 27 8 

Oxide of methyl 2*2 2*6 

1000 100 0 
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The specific gravity of a gaseous mixtvie of this oomposilioii 
ivottld be 0*4123 wbicli dosely coincides with the numbers fbtmd 
by experiment, 0*403. This composition reoeiTes further confirmation 
Dram the rektive proportions of carbon and hydrogen, obtained by 
joombustion with protoxide of copper. 







Carbuu \apuiir. 


Hydrogen. 


28-8 vol. Methyl 


contain 


28-8 vol. 


86-4 vol. 


2*2 „ Oxide methyl 


99 


2-2 „ 


6-6 „ 


66*0 „ Hydrogen 


99 




66-0 „ 


The gaseous laixtme 


• • • 


. 31 0 „ 


159-0 „ 



Being the ratio of 31*0 vol. of carbon vapour to 159*0 vol. of hydro* 
gen, or of 1 vol. of carbon vapour to 5* 13 vol. of hydrogen^ very 
closely coinciding with the above experimental ratio of 1 : 5*21. 

I have before mentioned, that the gases evolved in the electrolysis 
of acetic acid, contain a gas wliich is absorbable by sulphuric acid. 
Independently of the remarkable odour of acetate of methyl which 
this gas possesses, the supposition that acetate of methyl is actually 
obtained among the products of the decomposition of acetic acid, 
receives some support from the analogous decomposition of valerianic 
acid. With the view of ascertaining the per-centage of this body in 
the mixture of gases, and to study its nature, I repeated the above 
flacperiments with a portion of gas which had not previously been 
passed through sulphuric add, and whidi consequently still contained 
the odorous prindpie ; it bunied like the other, with a feebly lumi- 
nous, bluish fiame. 

An indefinite vblnme being passed from the gas-holder over ignited 
protoxide of copper, gave : 

0'249 gnu. uf carbonic acid, aud 
0*247 „ „ water. 

Corresponding to the ratio of : 

1 vol. of carbon vapour, and 
4*851 vols, of hydrogen. 

The specific gravity of the mixture was found to be 0*4373, as is 
seen by the following experiment : 

Temp. Pressure. 
C. 

Volume of gas in flask . . . IS-O^ 741*0«»b 211*7 cc. 

Wdght offlaskfilkd with gas . 19*0^ 749 0,, 42*4065 grm. 

„ „ „ „ „ air — — 42*5500 j, 

VOL. II. — NO. VI. N 
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To ascertain the per-centage of free oiygen and of the odorous 
oomtitoent, I first detennined, in a measured volume^ (eaqperiment III), 
tiie qoantity of the latter hy abflorpti<m with a coke ball aatiirated 
with sulphuric acid, and subaeqoenily the amount of oxygen, by 
intiodndng a baU of phosphorus. The remaining portion of eom- 
bustible gas was then detonated with oxygen in a large eudiometer, 
(experiment IV). 



III. 



Obiemd 



Volume of gas used \ hq.^ 
(moist). J 
After absorption ^ 
with sulphuric acid VI 13*8 

(dry). J 
After absorption of t ^^3.0 
oxygen (dry). J 



M90-6 



Temp. 


Bar. 


Height of 
mercury 


Corrected voL 
0^ C. and 

1 ■ wrfflMlllU'L 


17-8 


747.2— 




77'Q7 


17-9 


7460 „ 




77*03 


17-6 


746-0 „ 


Ate "tf 

251 „ 


76*5 


IV. 








17-8 


746 0 „ 


878-2 „ 


68*1 


17-9 


744-7 „ 


192-4^ 


188*4 


18-0 


743-8 „ 


339-6 „ 


7217 


18*2 


745-9 „ 


466-7 « 


27*66 


180 


750-6 „ 


255-7 „ 


144-63 


181 


750-6 „ 


886-5 „ 


62-35 



Volume of gas free 

from oxygen and 
odorous constituent f 
(moist). J 
After admission of "I ^^^.g 
oxygen (moist), j 

After combustion T oQg.^ 

(moist). / 
After absorption of l ^^^.3 
carbonie acid (dry). / 
After admission 311.5 

hydrogen (dry), j 
After combustion "i ig2-6 
(dry). / 

According to the latter exju riment, it follows that 63*1 vols, of gas 
previously treated with sulphuric acid and pliosphorus, rcc|uiic for 
combustion 97*4 volumes of oxygen, giving rise to the formation of 
44'51 yoh. of carbonic acid. If we now calculate these numbers 
according to the above equation for hydrogen, methyl, and oxide of 
methyl, we find that the original 63*1 vols, contained 40*85 vols, of 
hydrogen, 20*9 vols, of methyl, and 1-35 vol. of oxide of methyl. 
From these data, and likewise from the results of experiment III, 
we obtain the following per-centage composition of the mixture, in 
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wUeh the gas abBorbable by salpharic add ia enumerated as acetate 
a£ neiK^L 

Oxygen . , . , 0*7 

Hydrogen • . • 63*8 

Methyl . . . , 

Oxide of methyl • , 2*1 

Acetate of methyl . • 0-8 

100 0 

Tlie specific gravity of inch a mixture ahodld be O'MMV wbicb 
does not far difo from experimental results, the number obtained 
being 0*4870. 





Volume 
per-cent. 




Specific 
gravity. 




Weight. 


Oxygen . . . 


0-7 


X 


M092 




0-7647 


Hydrogen , , » 


G3-8 


X 


00691 




4-4086 






X 


0-0365 




33-7899 


Oxide of methyl . 


21 


X 


1-5893 




3-3375 


Acetate of meUiyl. 


0-8 


X 


2-5667 




2*0454 



44-3461 



100 



s 0*448 



If wn calculate the relative volumes of carbon and hydrogen con- 
tained m tiiis mixture of gases, we obtain the following numbers : 

Bydrogen. 



63-8 vol. H containuig — 63-8 vol. 

82-6 V C3 H3 „ 32-6 vol. 97 8 „ 

2-1 « C, H3 0 _ „ 21 „ 6-8 „ 

0-8 Ca H3 0, A ^ 1-2 „ 2-4 „ 

Bemg a proportion of . 85*9 to 170*8 „ 

or of one volume of earhon vapour to 4*74 voIb. of hydrogen, which 
coincides with the results obtained by combustion with protoxide of 
eoppCT, vii^ : 1 vol. of carbon vaponr to 4*85 vol. of hydrogen. The 
per-centagc composition gains additional support by the eudiome- 
tncal analysis of the same gas^ which still contained the odorous 
principle, but whicli was previously freed from OXygfiU, 
9^ lowing numbers were obtained : 

N 2 
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V. 



used (moist). / 



Temp. 
C. 


ifiminp 


mercury 
column. 


Corrected vol* 
0» C. and 1* 
prmure. 


18*2 


760*5mm 


482*6nn 


8911 


X8'3 


760-2 „ 


206-4^ 


178*5 


18-^ 


7501 „ 


303-9 „ 


lOd-8 


18-2 


748-4 „ 


d&40,» 


78-9 



oxygen (moist / 
After combustion 1 

(moist). J 
After absorption' 

of earbonic acid 
(dry). 

In the combustion of 39*1 vols, of this gas 60*5 vols, of oxygen «ie 
oonsumed^ giving rise to the fonnation of 27*9 vols, of carbonic acid. 
By now calculating the quantity of oxygen necessary for the com- 
bustion of 63*8 vols, of hydrogen^ 32*6 vols, of methyl^ 2*1 vols. 4it 
oxide of methyV and 0*8 vol. of acetate of methyl^ and likewise 
taking into consideration tint amount of carbonic acid produced, we 
arrive at results but sUghtly differing &om the numbers obtained by 
experiment : 

Oxygen. Oirhonic add. 

68<8Tola.4tf H lequiriag liw oomlnifttiiMi 31*9 yds, aad prodndnf — 

32-6 „ „ € ^ „ 1141 „ „ 65 2volB. 

2-1 „ „ C2H3O _ „ „ 6-3 „ „ 4-2 „ 

-0*8 »» ti ^2 Hj Of A ff 2"8 f, ff 2*4 

M-3 vd. Hi mixed giaet - lft5*l vdU. . Jl'S „ 

or that 80*1 vols, require for co m b usti on 61*0 vds, of oxygen (ezpo- 
rimental result^ 60*5 vols.), producing 28*2 vols, of cariNmic acid 
(experimental result^ 27*9). 

These fkcts sufficientiy prove that the quantity of the compound 
imparting the peculiar etherial odour to the gases, which tre evolved 
in the electrolytical decomposition of acetate of potash, is so small, 
that if^ as experiment seems to point out, it actually consists of 
acetate of methyl, it becomes almost impossible to condense it by a 
low temperature. An experiment made with this view was, indeed, 
perfectly unsuccessful. The ready absorption of this body, by 
sulphuric acid, agrees with the comportment of act tate of inetliyl; 
the acid employed in the experiment assumed a yellowish tint, and 
darkened on the application of heat, with the evolution of acetic and 
sulphurous acid vapours. 

The above experiments had been completed, when I became aware 
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that a gaseous mixture, consisting of one-third methyl and two-thirds 
of hydrogen, possesses the same specific gravity as is exhibited by a 
mixture of two-thirds of marsh-gas, and one-thud of hydrogen, and 
moreover, both mixtures contain the skimc relative amounts of carbon 
and hydrogen, and consequently consume, nut only an equal \r)lume 
of oxygen in their combustion, but produce the same quantity of 
carbonic acid; and hence the facts observed in the electrolysis of 
acetic acid miprht lead to the assumption, that the gases evolved 
in its electrulytical decomposition consist of hydrogen and marsh- 
gas. With the view of removing all doubt on this point, I have 
endeavoured to prepare methyl in a state of purity : I availed 
myself for this purpose, of the decomposing apparatus (Jiff. 2 b) 
already described, which allows us to collect with facility the products 
liberated at either pole. 

The interior eell roiitaiiiiug the platinum plate was clossed for this 
purpo.<e with the cork, which he^^ides the platinum v^ ivc for producing 
contact, contained, moreover, the delivery tube through which tlie 
generated gnscs were evolved, in order to be eotiducted through two 
bulb-tubes tilled with concentrated solution of ])ota8h, and afterward* 
through a similar vessel containing sulphuric acid (for the absorption 
of water and acetate of oxide of metliyl) and subsequently collected 
in the gas-holder. After every trace of atmospheric aii* had been 
expelled, the collected gas contained, nevertheless, a small quantity of 
carbonic acid, the two potash bulbs not having been sufficient to 
absorb the carbonic acid, which had been evolved from the separated 
cell in much larger proportioa than in the former arrangement 
because, in the former experiment, the simultaneous liberation of 
acetic acid at the positive pole effectually prcTented the formation of 
a carbonate. 

The eudiometrical analysis of the mixture which^ as special expe- 
riment had proved, did not contain free o^gen^ gave the following 
reaulta: 



VI. 



Observed voL Temp. Barom. 
C. 



Volume of gas 1 j^j.^ ^^.3 

used (mout). / 
After absorption 1 

of carbonic acidV 90*9 17-2 744-8,, 
(dry). j 



Height of Corrected vol, 

mercury 0" C. and 1» 

column. pressure. 

i8'2mm 80*9 



44*9 



n 



59*86 
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114.1 


17*6 


744*9"" 


467*4f»» 


29*23 


4520 


17-5 


745*2 „ 


115*7 « 


2611 


374*0 


17-6 


745*2,, 


192*5,, 


188*9 


29a*5 


17-6 


746*0 „ 


278*6 


iao*5 



vn. 

Gas used 1 
(moist). J 
After adiawmon of i 
oxygen (moiit)./ 
After oombnitioni 
(moiflt). J 
After absorption 1 
of carbonic addV 
(dry). j 

Aeeording to tbeae oibeemtioiu the gaseona mixhue conlBiiia 26*0 

of carbonic add, and 74*0 of combustible gas, of wbkb (experi- 
ment VII) 29*23 Tola, require 101*37 vols, of oxygen for complete 
oombiistion, producing 58*4 vols, of carbonic acid, wbicb closely 
corresponds witb tbe ratio, 1 : 3^ : 2 ; bence it appears tbat tbe gas 
evolved witb carbonic acid, at tbe positive pole, is actually metbyl, 
containing not even a trace of marsb-gas, wbicb requires tbe double 
volume of oxygen for its complete combustion, and produces only an 
equal volume of carboiiic acid. 

The expeiuuental numbers correspond with the following per- 
centage : 

Carbonic acid . . . 26*0 
Metbyl .... 69*3 
Oxide of metbyl . • 4*7 

100*0 

The specific gravity of such a inixtui'e is 1-188, a number closely 
coinciduis: witli tlie result of experiment, which gave 1172, as the 
following data will shew : 

Temp. Baromet«r. 
Volume of gas in flask . . . 17 3" 717 6 212 c. €• 

Weight of flask filled with gas 17*2' 738*6 53*826 grm. 
„ „ „ „ air — — 68*796 „, 

The gas remaining after tiie absorption of earbcmie add (expenment 
YI), wbicb is methyl mixed with traces of oixide of methyl, possesses 
tbe following properties : it is inodorous* and tasteless, insoluble in 
water, and bums witb a bluish non-luminous flame ; alcohol dissohes 
an equal volume, absorbing it without residue ; ndtber sulphuric acid 

* The feebly eiherial odour of the git prepared firom cyanide «f sfhyl evMeaffy 
sriiet firam traoet of cjvMt of etbjL 
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nor pentaicliloride of aatimoiiy dissolve it^ and hence it corresponds, 
in aU its properties^ to the gas obtained from cyanide of ethyl.* 

Methyl may be distingaished from marah-gas^ to which it is in 
some respects very similar, both by its solnbitity in alcohol, and its 
comportment with an excess of chlorine gas, by which methyl is eon- 
verted into sesqnichloride of carbon, while marsh-gas is trsmsforsoed 
into the bidiloride. 

In condnsion, I may observe, that on employing two decomposing 
oeDs, ihe g^s evolved at the positive pole doea not contain carbonic 
add, but consistB of pmre hydrogen. 

According to the observations I have commnnicated, acetic acid, 
when decomposed in the drcnit of the voltaic current, is decom« 
posed into methyl and carbonic add, both being liberated at llie 
positive pole, whilst at the negative pole, pure hydrogen only is 
evolTed. It further appears, that a small quantity of methyl is 
converted into the oxide. On leaving out of eoosidmtion the small 
quantity of the latter, one equivalent of acetic acid should aocovd- 
ingly yield % vols, of hydrogen, 2 vols, of methyl, and 4 vols, of 
carbonic add, as is shown in the following equation : 

r n 2 vols. 

HO, (C, Hj) Cg Oa= 4 CaHa 2 vols. 

L^COa 4 vols. 

The gases evolved from the decomposing cell, in tlu d('compo^^ltlo^ 
of acetate of potash, should therefore consist of eqnal vohinies of 
methyl and hydrocren ; as, however, exporinirnts II, lY, and V, show 
that nearly double the amount of hydrogen la evolved, without an 
equivalent proportion of oxygen being liberated, we are led to the 
conclusion, that touether with the above-mentioned transformations n 
simultaneous decomposition of water takes place, whose oxygen 
(considerably surpassing the amount contained in the oxide of 
methyl) evidently oxidizes a portion of the liberated methyl com- 
pletely into carbonic acid and water; from this fact, ho\ve\t'r, it 
v\ t>uld folloM', that carbonic nrid would be produced in much larger 
proportion compared with methyl, than is indicated by the foregoing 
formula. With the view of deciding this question, I have investigated 
the mixture of carbonic acid and methyl, evolved at the positive 
pole, which had been previously freed from acetic vapours which 
might have been carried over, by passing the gas through a 
bnlb-tube containing water. 

* Ann. der Chem. mid Fhutu. Bd. lxv. S« JI69. 
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VIII. 

Cometed Tol. 

Observed ToL Temp. Barom. Mercury 0"Caiull'* 
C* eolunm. praMure. 

^**^"^oi8^1 ^^^'^ ^^'^ 764-0— 25-3- 73 27 

After absorpti^ml 

of carbonic acid V 85*3 15 8 753*3 „ 99^ „ 21*96 

The gaseous mixture under investigation was found to contam 
21*96 vols, of meihyl and 51*31 vols, of carbonic acid ; or^ in other 
words, for every vdnme of the former^ there are 2| volumes of the 
latter, instead of 2 volumes, as indicated by the above equation. 

These observations i^ipear sufficient to prove, that in the electro- 
lysis of acetic add, even when employed in the form of a concentrated 
solution of its potash salt, a simultaneous decomposition of water 
takes place, whidi may perhaps be partially or entirely avoided by 
modifying the dectricid current* 



Anniversary Meeting, March 30, 1849. 
The President in the Chair, 
The following Report of the Council was read by the President. 

Jnmal Export of the CouneU* 

We have now, Gentlemen, arrived at our Eighth Anniversary, and 
it^becomes my duty, as the Delegate of yonr Council, to advert to the 
general concerns of the Society during^ the [jreceding year. 

Our Society is at present constitiit( d of one hundred and twelve 
resident, and one hundred and twelve non-resident Members j three 
Associates; and nine ForeiEm Members. In the course of the past 
year, twenty-nine i^ew Meuiljcrs have been elected; namely^ fourteen 
resident, and iilteeu jioTi-Tesident. 

The list of Members deceased during the past year is less extensive 
than usual, being limited, as I beUeve, to two individuals ; but in one 
of them, I regret to say, this Society has sustained an et;|i< P!al loss; 
1 allude to the death of one of our original Members, and our late 
Secret ill y, Mr. Fownes, which took place at his father's house, at 
Brompton^ on tlie 31st of last January, before he had completed hia 
34th year, luivmg been born on the 14th of May, 1815. 

Mr. Fownes received his early education first at Enfield, and 
afterwards at Bourbourg^ near Gravelines^ in France. He was 
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driginaUy intended for trade, but having an iDherent attaehment 
to the parstiitB of Science, thoie of businesa proved bo irksome and 
distasteful to }am, that he wa* aoon induced to velinquiah them, and 
to adopt Chenuttry as hia profeaaion. 

This reaoke was materially influeneed by his becoming, when 
about serenteen or eighteen years of age, a member of the Western 
Literary Institution, where, in conjunction with Mr. E?eritt, Mr. 
Henry Watts, Mr« R. Murray, and others, he established a philo- 
sophical class, in which he displayed much readiness as a demon- 
strator, and great seal in promoting experimental-inquiry. 

In January, 1837, he became a pupil of our late coUeague, 
Mr. Thomas Everitt, who then filled the Chair of Chemistry at 
the Middlesex Hospitol ; he afterwards visited Germany, and availed 
himself of the aids of the celebrated achool of Gieasen, from which 
he returned with the degree of Fh.D. Soon after his return from 
Germany, it was his good fortune to become an assistant in the 
Labmtory of Uniyeraity College, under the tuition of Professor 
Graham, and he soon showed himself not an unworthy pupil of that 
emment master. 

From these several sources, Mr. Fownes derived a store of practical 
and theoretical knowlcdgCj which fitted him to become himself an 
instructor in the sdence which he loved, and to which he was now 
laboriously devoting himself; and he undertook, in the first instance, 
the Chemical Lectureship at Charing Cross Hospital. In February, 
1842, he wrote an Essay on the Food of Flanta, whidi was presented 
to the Boyd Agricultural Society, and to which the prise of that 
Society was adjudged in December following. — It is an dabcnate and 
valuable paper^ and has a place in the Journal of the Society for 
1844!. In 1842 and 1848 he ddivered two short courses of lectures 
at the Boyal Institution. In the summer of 1842, he was appointed 
the Professor of Chemistry to the Pharmaceutical Society, the duties 
of which office he entered upon in October of the same year. About 
this time also he left the Charing Cross Hospital, and upon the 
death of Mr. Everitt succeeded to the Chemical Lectureship of the 
Middlesex Hospital ; and in addition to these laborious duties, he 
gave occasioual lectures elsewhere, and more especially at the London 
Institution, where, in the year 18i4 he gave a course ou 
Chemical Philosophy. But now it unfortunately became apparent 
tlial his health was suffering. With unimpaired mental energies, ins 
bodily strength began to decline, and evident symptoms of pulmonary 
disease made their appearance, under the form of a troublesome 
cough and shortness of breath, which rendered lecturing a severe 
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labour, so that in the year 1845 he KBgned his oflte at tbe 
Middlesex Hospital, and in the following year was fivmd to zdm- 
qiiiah the diities of hiB Pharauiceutical Professorship. He was, how- 
ever, in the meantime appointed the Professor of Praetical Chemiitry 
in tiie Birkbeck Laboratory at Unirendty College^ an i^ppointment 
which he held at the time of his decease. In the summer of 184^ 
he visited Switzerland, and returned in the autanm in improved 
health and spirits ; but winter again rendered him unaUe to do the 
work he wished, and obliged him to desist from those original 
researehes ia Organic Chemistry which he had already pursued with 
80 nnch succesB, and in which he would doubtless have achieved 
new and important conquests. The spring of 1847 found him still 
farther worn and exhausted by the iingenial Influenee of the 
preoeding winter; and though, in the course of the summer he 
appeared somewhat to rally and improve, it beeame evident to his 
medical advisers that he could not^ in safety, sustain another En|^is& 
winter; he^ therefore, at the suggestion of his fiiend^ Br. B* Jonei^ 
determined upon seeking a warmer dimate^ and went to Barbadoes. 
Early in the following spring, he returned to this eooniry; but 
unfortonately, a severe cold caught on the passage deprived him 
of much of the advantage which it was hoped he had d»ived. His 
bealdi now began more evidently and rapidly to give mcf, and he 
was induced to wfak to Torquay^ but finding his sojourn there of 
no avail, he returned to his home at Brompton^ where he passed the 
liiart residue of his earthly existence. 

Mr. Fownes was so weH known to the majority of the Members of 
tins Society^ that I need say little upon the amialnUty of his dis* 
position, Us disinterested love of science at large, or his skill, 
his industry, and his success, in that branch of it whieh he move 
excbsivdy adorned^ and in whieh^ had it pleased Pnividenee to have 
extended his sojourn amongst us, he mnst at no very remote perioc^ 
have established an imperishable name. As a pubUe lecturer, and 
generally, in hia didactic capacity, his language was desr and 
concise, his manner earnest and agiceable, his matter admirably 
arranged and carefully sdected. He had, indeed, considering the 
short time in whidi he had been engaged in the difficult business 
of teaming Chemistry, acquired a smgular command ovet tbe lecture 
table, mudi dexterity in the public performance of illustrative expe- 
riments, and in that methodical aptitude whieh ensures the attention 
of the hearer, by at once amusing and instructing him, and which 
makes obscure truths plain, and dry details attractive. 

As an original inqidrer he had, as I have before observed, already 
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had the finmdbtion upon whidi s pormnciit rad wortihy sipmtfiic- 
tnre would doabtkw baye been nised: to this Ins mieuB oontrifta- 
lions to Chemieal Sctenoe, end more espeeudly to Organie Chcnislry, 
bear smple testimony. I would now especially allude to tboae 
leaeaxebea in whidi he, for the ink tone, aneeeeded m the artificial 
pKodoction of a vege^'HSkUl^ ar an orgame saH-hoM ; to hia dia- 
eovety of FiufiKrole, and of BauoUne; no one ean pemae his papera 
npoK theae aubjecta, which he eommnnieated to the Royal Bocie/tf, 
and which have a plaee in the Philoaophieal Tranaaetkma for 1845^ 
without finding ample justification of the view which I have taken of 
their importance, or admitting the just discrimination of that learned 
body, in conferring upon their author the wdl-deserved testimony of 
their high sense of his deserts, in presenting him with one of the 
Eoyal Medals * Our own INIemoirs and Journals are also enriched 
with his papers on the preparation of an Artificial Yeast, on the 
action of Oil of Yitnol on the Perrocyanide of Potassium, on the 
preparation of llippuric Acid, on the analysis of Soutli-Sca Guano, 
on the annlysis of organic substances containing Nitrogen, on the 
preparation of Ether^ and on the presence of Phosphoric Acid in the 
Felspar of Jersey. 

Of these, and other original papers published elsewhere, I would 
willingly have said much more, and it would have been a gratefdl 
task to me to have enlarged ujxsn their individual merits; but I have 
already disposed of the time allotted to these matters; I must there- 
fore conclude, with reminding you further, that Mr. Fowncs was the 
author of an excellent Manual of Chemistry, of which the tirst edition 
was published in 1844, and of a third edition of winch he had 
completed the corrections and additions only a few days predous 
to his death. He wa'^ also the author of " An Essay on Chemistry, 
as Exemplifying the Wisdom and Beneficence of God/' This latter 
production obtained for him, at the hands of the Managers of the 
Royal Institution, the Septennial Actonian Prize of 100 guineas; 
that body bemg empowered, under certain conditions^ to award the 
said prize to such person as shall, in their judgment, be the author 
of the best Essay, in such department of science as tH&y may seiectj 
iliustratiTe of the beneiicence of the Almighty. 

* Hm Flulewqilncal TnumdMNif ilao eoDtaiii two other of lilt ]M|>en pnsMited to 
the Royal Society, namely, one on the existence of Phosphoric Acid in rocks of igneon 
origin (Phil. Trans., 184 and another on the SOIOttnt of abfolute Akohol in spirit of 
diffiBrent spea&c gnvities (Phil. Trans., 1847). 
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We have lo«t one other Member, namelyj Mr. Thomas George 
Tilley. He associated himself with us at a very early period of the 
enatence of our Society, and has the honour, I may now justly say, 
of having communicated the first paper which waa read at our table 
(April 27, 1841), and which has a place in our published Memoirs. 
It relates to the products of the action of Nitric Acid on Castor OiL 
One other paper we also have from Mr. Tilley, " On the conyer«>ion 
of Cane-Sugar into a substance isomeric with Cellulose and Inuiine/' 
printed in our Memoirs for 1845. 

Mr. Tilley, who was bom at Brentwood, in Essex, waa not much 
resident amongst us, and I have only been able to collect a very few 
particulars respecting him. I believe that the foundation of his 
chemical education was laid at Edinburgh, under Dr. Christson, 
he then went to Paris, and afterwards studied at Berlin, and at 
Giessen, and was made a Ph.D. On his return to England, ha 
published an Essay on Agricultural Chemistry, and others on the 
supposed inversion of Carbon into Silicon, and of Iron in Rhodium, 
and became, in 1845, Professor of Chemistry in Queen's College, 
Birmingham. About the same time, he published a paper on 
Bebeerine, in conjunction with Dr. Maclagan^ in the Philosophical 
Magazine. He had not long been resident in this country when 
his health began to fail, and induced him to court the aid of change 
of air and scene ; and after travelling for some time in various parts 
of Europe, he at length took up his abode at Prague. Here we find 
him working m Professor Redten barber's Laboratory, whence his 
last highly interesting paper on CEn;inthol and its compounds, is 
dated, and which is published in the Fhilosojilncal Map:;iziiin for 
August, 1848. It deserves mention, as one amongst the abxindaut 
instances of the abominations of war, tliat whilst engaged in those 
investigations, the laboratory was ransacked, all that it contained 
destroyed, and Mr. Tiiley narrowly escaped. Dr. Francis, to whom 
I owe these details, says in a letter to onr Secretary, dated the 
27th instant, that on his return irojn PraEruc to this country, he 
complained of the state of his lungs, and mtmiated his apprehension 
of being unable to sustain the vicissitudes of this climate ; and it 
appears that shortly afterwards he repaired to Paris, and died iu that 
city. 

And now, allow me to add^ that this mt morandum of our deceased 
Members, necessarily reminds me of llie loss which Science has 
sustained, in the course of the prcccdiiej: year, by the death of Berzc- 
liu8^ — a name justly celebrated throughout the scientific world, and 
to whom Chemists especially owe a heavy debt of gratitude and of 
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raped. It is true ttat liu name wis not BpefsificaDy enrolled 
amoiigBt those of oar Memben ; but hia high station^ his pre-eminent 
ialentsy and his monl qreeflenee, endeared him to ns all j and I am 
sme you wfll joiii nitii me, in doings what I may call filial homage^ 
to his memory. 



The labours of your Council, during the past year, have been 
unusually important, and have been directed to objects deeply 
inyolving the future conation of our Society. 

At your last Annual Meeting, the Council announaed their inten- 
tion of publishing the Memoirs and proceedings of the Society in the 
form of a QuarUrfy Journal, with a view of promoting the more 
speedy and regular circulation of the communications made to the 
Society, amongst its Members j this resoluti<m d the Council has 
now been carried into effect, and four Numbers of the Journal have 
made their appearance, comprising no less thsn forty-one papers and 
communications from Memben of the Society. 

These Journals also contain Abstracts and Notices <tf all the most 
important papen which have appeared in the course of the year in 
the several Foreign Journals, and an extensive idphabetical list of the 
Titles of Chemical papen to be found both in the British and 
Foreign Joumala. 

Amtmg the origmal papers which have been presented to, and read 
b^ie the Society, and whkh Imve a place in the Journals of our 
Tnusaetifms, there are some of an dyborate description, and of great 
inhansic in^ortsfie^ and which involve difficult snd intricate research ; 
many which aie praedealty valuable from the new methods of mani- 
pulation which tibey disclose; and mimy, in which new &ct8 are 
recorded, tending to facilitate the fiitare progress of research upon 
the several points which are discussed in Uiem. The number of 
these different communications prevents our adverting more speeifi- 
4»lly to those which we consider most important, or malcing a selec- 
tion from the new diseoTcries, and methods of investigation, which 
are set forth in them j but we are satisfied that the whole collection 
is not only eminently creditable to the individuals in whose labours 
they originate, but diat th^ tend to the honour and repute of the 
Sodety, of whose Transactions they form a psrt. 

The Library and Chemical Collection of the Society are making 
sbw, but not unsatisfactory progress. In addition to the periodicid 
publications pun^ased by the Society, the , following pfcsentation's 
have been made to the Idbrary, namely: — 
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''Ifanoin of tbe Geological Survey of Gmt Britain^ and Menum 
of the Moseum of Ecomomie Geology preaeDtod hf tlie If naeniii. 

'^Beport upon tlie Coala raited to the Steam Kavy;" by Sir H. de 
la Beohe and Br. Lyon Flay£nr : £rom the anthoii. 

''Papera on the Colouring Matter of Morinola Gitrifoliay and on 
the Diatinetnre Distillation of Animal Sabatancea;" by Thoa. An- 
derson^ M J). : from the author. 

^An Essay on the Gompamtive Value of the different kinds of 
Coal for tiie purposea of Dlumination by A. Fyfe^ M.D. : by the 
author. 

^'A paper an the Chemical Fiopertiea of Waz,'^ from tiie Phil. 
Trans. ; bf B. C. Brodie^ Esq. : by the author. 

A paper *'0n the Phosphoric Strata of the Chalk Formation;'' 
by Mesara. Payne and Way : by Ihe authora. 

" Report on the Analysis of ike Aahea of Plants by Mesara. Way 
and Ogsden : by the authors. 

"'Tranaaetions of the Society of the Friaids of Natural Seienoe in 
Vienna/' and A CollectiQii of Papera upon Natural History by 
Dr. Haidinger. 

^The American Journal of Seienee f ^ The Journal of the Franklin 
Institute/' ''The Pharmaceutical Journal:'' by the Editors. 

« A Calendar of the Meetings of Smentifie Bodies linr 184S^/' 
by Mr. Taylor. 

A Ethographed portrait of Dr. F^oaday^ from a Daguerrotype; by 
M. Claudet. 

The foUowing articles have been presented to the Museum, 
namdy: — 

A specimen of tiie first piece of platmum consolidated from tiie 
apongy state, in England ; and of the first piece 'Of the aame metal 
soldered with gold: by W. T. Gocl^ E«i. 

A Baknee-galvanometer: by Mr. W« 8. Wavde. 

Speeimena of Phoq^hate of Ammomaj and of Ammonio-phoepiiate 
of Soda: by Mr. J. T. Hmpath. 

Specimens of Phospho-ceritCy and of the Oxides of Cerium, Lan* 
Ihanum, and Didymium : by M^. Watta, 

The state of the funds of the Society wiH be erident^ and I tnut 
aatisfaetory, from the Treasurer's Audited Aeoouat, whidi is now 
fying upon your teble. 

« 

And now. Gentlemen, having gone through the ordinary bminisa 
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wUfih devdves vsptm ike CUxman it tins Meetmg^ it becomei my 
ioty, before we proceed to ballot kit & l^eaideiit and other OiBoen, 
to advert to tbe prooeedings of a Special Medm§ of the Sodetj, 
^wliich was held here on the jS2nd <^ May last, at which Meeting 
your Council was dnly authorized ''to take tbe necessary steps for 
procaring a Charter of Incorporation, on the understanding that the 
expenses incurred by tbe funds of the Society should not exceed the 
sum of £400/' I have now the pleasure of informmg you, that 
Ihis important and desiiaUe object has been most satisfactorily 
attained, and that^ under the exodlent management and inflnence it 
the gentleman who solicited our Charter, the whole of the eiqpenses 
ancvrfed in reference to it amount to tiie sum of £880, towards 
which £182 have been subscribed by the Members. 

The actual and prospective advantages thence accruing to the 
Society are various and important* We now take rank with the other 
Chartered Scieni^ SoeieHee ; and when we consider the seal and 
energy whidi has already been dispkycd in promoting the views of 
this Society, and their important^ popular, and universal character, for 
who can deny the vast importance of Chemical Science, both pure and 
applied, or where can we find a department of knowledge having more 
immedbte bearings upon other sciences, upon manufactures, upon the 
common and fine arts, upon agricoltuze, upon medicine, in short, 
upon the luxuries, comforts and necessaries of life; when, I say, all 
these things are considered, we may surely reasonably hope and ex> 
pect, that a Society aiming at the most dignified and useful objects, 
and embracing amongst its members many of the most celebrated 
Chemists of the World, will not only prosper, but that its resources 
will increase, and its dominion be extended^ till it vies with any other 
Scientific Establishment of the country. I therefore thought that 
we, your Council, are especially bound to congratulate the Society 
upon tiie steps which we have been enabled to take towards in- 
creasing our stability, extending our usefulness, and strengthening 
' our cb^ns upon the support and respect <^ our scientific brethren, 
and of the public at large. 

One othor subject only suggeste itself as requiring mention upon 
the present occasbn, and it is one which, from time to tim^ has 
engaged the anxious attention of your Conncil, but which eadi sue- 
ceeding Session renders more pressing, and at presoit calb for the 
speediest acyustment which is securely attainable. I mean, that 
having estabHshed our name, we should next think of a fit loco/ AoM- 
iaihn, and dKMild endeavour to obtain possession not only of a 
meeting-room capable of afifocdiog us adequate and comfortable accom- 
modation, but associated with a room fbr the reception cf our books 
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und cbemical pKpmtioilB^ and also for tlie meetings of tlie Council. 
These desiderata are not easily attainably but they will not be lost 
sight of by the Council. 

You will now, Gentlemen, proceed to ballot for the Officers of the 
ensuing year, and the Secretary \vi\\ then read the new Code of By- 
laws, which has been prepared by your Council in accordaiu o w th 
the provisions of the Charter of the Society. Of these By-laws there 
are printed copies upon the table ; and w^e trust that they will now 
meet with your approval, and receive your sanction. 

And now. Gentlemen, liaving completed the biennial period of my 
service as President, allow me, on resigning this Chair to my successor 
in diat honorable office, most sbcerdy to thank you for the distinc- 
tion which has been conferred upon me^ and of which I shall always 
retain a grateful remembrance, together with an anxious desire to 
promote the welfare of the Society. 

The following Gentlemen were elected Officers and Council for the 
ensuing year : 

PRESIDENT. 

Richard Phillips, Esq. 

VICE-PRESIDENTS. 

John Thomas Cooper, Esq. William Thomas Brande, Esq. 
Thomas Gisham, Esq. WiUiam Allen MiUsr, M.D. 

SBCRBTARIBa. 

Bobert Warington, Esq. Edmund B(maldi» Fb.D, 

FOREIGN SECRETARY. 

A. W. Hofmamw Ph.I). 

TREASURER. 

Bobert Porrett, Esq. 

COUNCIL. 

Thomas Andrews, M.D. Alfred White, Esq. 

Bence Jones, M.D. Lyon Playfair, Ph.D. 

Walter Cram, Esq. Edward Schnnck, Fh.D. 

William Ferguson, Esq. S. Bedwood, Esq. 

J. J. Griffin, Esq. E. F. Teschemacher, Esq. 

J. P. Joule, Esq. Col. Ph. Yorke. 

* 

The thanks of the society were voted severally to the President, Secre* 
taries, Officers and Council for their exertions during the past year. 

The Charter of Inoorporalion and the Bye-Laws as revised by the 
Council to accord sviLh tLie clauses of the Charter, were preseuLed Lo the 
fiodety, and it was resolved : 

That these Laws be adopted as the Bye-Laws of the Sotaety. 

Resolved : 

That the thanks of the Society be given to Mr. Tooke, for his 
iiiendly services in soliciting the Charter of Incorporation. 



The following audited Report of the Treasurer was submitted to the 
Society, and the Societj tiien adjoomed to April Sted. 
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April 2, 1849. 
The PKrident in the Chair. 

Mr. George Phillips presented to the Society a bottle enclosing a 
curious film of gun-cotton, whu li had been formed inside the phial by the 
spontaneous evaporation of the ether from a collodion solution. 

The following paper was read : 

XVIII. — Analysis of Gold-dust from the Co(isi of California, 
Bt £. T. TBscHSMAcaBB, Esq. 

The great interest excited by the recent discovery of large 
quantities of gold-dust existing in the sand in the district of Cali- 
fornia^ has induced me to lay before the Chemical Society the results 
of some examinations I have lately made with reference to its compo- 
sition. The specimen of gold analysed was received from my brother, 
resident in Boston, United States. An analysis of Californian gold 
has Ukewise been made by Mr. T. H. Henry, and published in the 
Philosophical Magazine for the present month. I think it desirable 
that a number of such analyses should be made and registered, in order 
that an opinion may be formed upon the greater or lesser uniformity 
in composition of the gold from ditferent parts of the ^amc district ; and 
although I am unacquainted with the exact locality of my specimen, 
still, as the more immediate sources from which the two specimens 
were derived were so different, it is uot at all likely that the locality 
in which they were found was the same. 

My specimen was in the state of flattened grains, weighing from 
J of a grain to 5^ grains each ; the grains were roughened on the 
surface, and of a dull brass-yellow colour, and were partially en- 
crusted by many black specks and some brilliant crystals of mag- 

VOL. 11. NO. VII. O 
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netic nron^ with a portion of sand embedded in the cavitiea. The 
specific gravity of the dust was 16*33. 

The quantity submitted to analysis was 15 grains. It was first 
boiled in hydrochloric acid, aud after well washing, was boiled 
in dilute nitric acid. The hydrochloric acid dissolved the exterior 
black specks and the crystals of oxide of iron. The solution obtained 
was precipitated hj ammonia, nothing having been dissolved but 
peroxide of iron, weighing 0*07 grains. The subsequent treatment 
with nitric acid was tried in order to ascertain whether any silver 
would be dissolved out ; but no action whatever took ])lace. The 
separate action of these acids rendered the grains of gold of a 
brilliant gold colour. The gold-dust was then acted upon by aqua* 
regia. The gold was dissolved, leaving the silver in the state of 
an insoluble chloride. The chloride of silver was dissolved in am- 
monia> and having been evaporated from the sand, was reprecipitated 
by nitric aeid. It w eighed 1*36 grains. The sand weighed 010 grains. 

The solution of gold was evaporated to dryness and hydrochloric 
acid added to it ; the gold was then precipitated by oxalic acid in excess, 
and after digestion for three days, was separated ; it weighed 13*45 
grains. Sulphuretted hydrogen was passed through the solution, 
after the separation of the gold, a smsU precipitate was produced, 
which I expected to be sulphuret of copper ; but upon dissolving it 
in a small quantity of nitric acid, and adding ammonia, not the 
slightest indication of copper appeared; on further examination, it 
proved to be gold^ which had escaped precipitation by the oxalic 
acid; it weighed 010 grains. The solution was now evaporated to 
dryness; re-dissolved in hydrochloric acid and precipitated by am* 
monia, the precipitate weighed O'OB grains, and consisted of peroxide 
of iron. 

The composition is, therefore, as foUows: 

18*55 gold or in 100 parts 90*33 gold 
1*02 silver „ „ 6*80 silver 

0*15 oxide of iron - ^ „ 1*00 oxide of iron 
0*10 sand ^ „ 0*66 sand 

14*82 98-89 

Deducting the oxide of iron and the sand^ the alloy would 
consist of : 

92 parts of gold 
7 „ ilyec 

99 parts 
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The n:old-du8t analysed by Mr. Heniy^ had a 8|»ec. gray, of 
I5'96, and consiated of 



Gold 88'75 Or dedacting the silioeoQB matter. 





8*88 


Gold . . 


. 90 01 


Copper with a trace of iron 0*85 


Silver . . 


. 901 


SilioeooB matter. • . 


1*40 


Copper 


. 0-86 




99-88 




99-88 



shewing tliiia a difference of about two per cent in the ailrer con- 
tained in the two specimena of Califomian gold. 

Another portion of the aame sample which I examined, contained 
about eight per cent of silver. 



April 16, 1S49. 
The President in the Chair. 

Messrs. J. Bailey and T. M. Creggan were elected Fellows of the 
Society. 

The foOowing papers were read : 

XIX. — Analysis of the Thames Water at Greenwich, 
Bt Edwabd T. Bbnnbtt. 

STUDENT IN TBB KOYAL COI-LF.GK OF CUEMISTKY. 

In pursuing the series of investigations of the water of the 
Thames at different localities, auggeated by Dr. Hofmann, two of 
which, the one of the water as it is found at Twickenham, by 
G. F. Clark, and the other at London Bridge, by J. M. Ashley, are 
before the Chemical Society, we have at his request, and under his 
direction and assistance, imdertakcn a third analysis, for which the 
water was collected at Greenwich, after having been subjected to the 
influences, both of the London drains, and of the sea water coming 
up with the tide. The water was taken from the middle of the river, 
exactly opposite the Hospital^ just after the turn of the tide, on the 
1st of January, 1849. It was full moon on the 8th instant at 
lOh. 50m. P.M., and was therefore nearly the highest spring tide ; 
but the wind was blowing very strongly direct down the river, which 
had a material effect in ko&ping back the sea water, on that particular 
day. The following observations were made at the time. 

Temperature of the water . . 8^ C. {Z1'4P Fahr.) 
Tempmture of the air • . 9» C. (48*d<> Fahr.) 

o % 
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The reaction of the water was very aliglidy add. It had no per- 
ceptible taste or odour. 

The specific gravity of the watcr^ after everything held in mecha- 
nical saspension had completely aubsidedj was 1 '00116. 

Por the qualitative analysis^ 4& imperial pints^ eqaal to 23840 
grammes^ were evaporated to a concentration which yielded a pre- 
cipitate^ weighing, when dry, 5*5025 grammes; and a filtrate, with 
washings, of 36 i grammes. The filtrate was of the colour of brown 
sherry, and strongly acid. The precipitate, on examination, indi- 
cated the presence of potash, soda, lime, phosphate of alumina^ iron, 
silicic, carbonic, sulphuric, and hydrochloric acids, with organic 
matter. The only additional ingredient found in the filtrate was 
magnesia. Bromine and iodine could not be detected. Doubtful 
traces of nitric acid were observed, on highly concentrating a 
separate quantity of the water. On carefully evaporating 500 
grammes of the water to dryness, and treating with lime, ammonia 
could not be discovered. 

The quantitative analysis yielded the following results: 

A» Determination of the total amount of fixed constituents. 



Amount of water employed. 

I. 780-975 grms. 
11. 1001*530 
111. 1000 000 



Amount of residue 
obtained. 

0 3055 grm, 
0'S910 
0-4180 



99 



9> 



B, Betermination of sulphuric acid. 

Water cuiploycd. Sulphate of baryta. 



I. 644*465 grms. 
II. 749*240 „ 
m. 658-2/0 „ 



0*0913 grm. 
0*1008 „ 

00808 



99 



Per-centage ia 
the water. 

0*0391177 
0*0390402 
0*0418000 

Mean 0*0899859 



Per-centage of 
sulphuric acid. 

0*0048722 
0*0046180 
00042089 



C. Betermination of hydrochloric acid. 

Water employed. Chloride of silver. 



I. 523010 grms. 
II. 538-410 
III. 615-530 



99 



0-062 grm. 
0056 
0 064 



99 
99 



Mean 0 0045664 

Per-centage of 
liydrocMoile add. 

0 0030158 

0-0026735 

00026673 



Mean 0*0027866 
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D. Determinatiou of silicic acid. 



Watfr cm jikivcd, 

I. 85 3 -695 grms. 
II. 1201-495 



$9 



Siiicir arid. 

0-0080 grm. 
00133 „ 
00131 „ 



£. Determiuation of lime. 
Water employed. 

I. 853-695 gmu. 
II. 1201-495 
III. 1200-215 



Carbonate of lime. 
0-1905 gmi* 



9$ 



0-2738 
0*2733 



»» 

99 



^. Determinatioii of magneua. 



Water nnploiyad* 

I. 853-695 grms. 
II. 1201-495 
III. 1200-215 



99 



99 



Pyrophosphate of 
magnesia. 

0-0278 'grm. 
0-0285 
0-0290 



99 



99 



6. Determination of the alkalies. 



Water employed. 

I. 1668-840 grms. 

II. 1508-450 
lU. 1000-000 



99 



9t 



Mixed dilofidea. 
0*1100 grm. 
0-1021 „ 
0 0580 „ 



a. Estimation of potash. 

Bichloride of platinum and poteanum. 

I. 0-0988 grms. 
II. 0-0978 
111. 0-0508 



Per-ceatage of silicic acid. 
0-0012065 
0-0011009 
0-0010915 



Mean 0 0011349 

Per-centage of lime. 

00124974 
. 00127624 
00127517 



Mean 0 0126705 

Ptf-oentage of mtgneria. 

0-0011602 
0-0008647 
0*0008812 



Mem 0 0009687 



99 



Per-centat!:^ of potash. 
0-0011391 
00010521 
0-0009778 



Estimation of soda. 

Qibnide of Mdiam. 
I. 0*0796 grm. 
IL 0 0723 
III. 0-0425 



99 



99 



Mean 0 0010563 

PeiHimtefe of Mdt. 
OK)025847 
0-0025372 
00022511 



Mean 0 0024410 
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H. Estunation of organic matter. 

This was not attempted as soluble and insoluble matter in the 
filtrate and precipitate separately, which were obtained by evaporating 
a large quantity of the water, because the proportions thus determined 
must evidently have depended upon the degree to which the concen- 
tration had been carried. Ikit for thi^ purpose specific quantities of the 
water were evaporated to dryness, and the whole organic matter was 
burnt off, at the lowest effective temperature, with the aid of a 
current of oxygen. 

Water empUqred* Organic matter Per-oentage of organic 

burnt oflf. matter. 

I. 1000 grms. 0*0515 grm, 0 00515 

II. 1000 „ 0 0611 „ * O-OOGU 

III. 600 „ 0 0310 „ 0 00620 

Mean 0 00582 

I, Determination of carbonic acid. 

At the time of collecting the water, a syphon capable of containing 
53 J cubic centimdupes was filled three timeSj and discharged into each of 
four Winchester quart bottles^ containing a mixture of chloride of 
calcium and ammonia. After complete subsidence^ the precipitates 
which had formed^ in two of the bottles, 

together weighed • . 2*111 grms. 
From the other two bottles „ . • 2*104 ^ 



Total . . . 4-215 „ 

The carbonic acid was expelled by means of hydrochloric add, in 
the usual apparatus. 

Predpitete emplojed. Carbonic acid Per-ceotage in Pcr-cent«ge in . 

evolved. the precipitate. the water. 

I. 0-614 grm. 0 220 grm. 35 830 0 0235 407 
II. 0-465 „ 0163 „ 35 054 0 0230309 

III. 0-4M „ 0153 „ 34*459 0 0226399 



Mean . . 00230705 
Tlie water from four other bottles was treated on the spot with a 
sol n; ion of arsenions acid in hydi'ochloric acid. The wliole of the 
sedmient, after standing; some time, was collected on one filter, and 
carefully examined for sulphide of arsenic, but without success; thus 
proving the absence of tree hydrosul])lun-ic acid. 

The indications of iron, in the form of soluble salts, were exceed- 
ingly slight. An attempt to estimate the phosphate of alumina 
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gave 0 0003439 per cent ; a quantity too minute for the separate 
determination of the phosphoric acid. Alumina was not found in 
any other state than that of phosphate. 

Following the usual arrangement, by combmiag the whole of 
the acids and bases accordino' to their chemical affinities^ the in- 
gredients found in the water^ assume the subjomed form. 



ouipnaiG oi poLasn ■ • • 
Sulphate of soda .... 
Su]|)]iate of magnesia • * 
Chloride of magnesium « . 
Chloride of calcium • • , 
Carbonate of lime • • . 

Silicic acid 

Phosphate of alumma \ 


In 100 Umt 
Gramme*. 

5-5'J37 . . 

0- 7808 . , 

1- 6374 . , 

2- 3205 . . 
20-5353 . 

1 1349 . , 

traces. • 


In an imperial galloii 

Grains. 

. . 3-9224 
, . 0-5475 
. , 11482 
. . 1-6272 
, . 143997 
. . 0-7958 

. . traces. 


Organic matter . . • . 


5-g200 . , 


. 40810 




39-7778 . . 


. 27-8928 


Direct determination of find 


39-9859 . 


. . 28 0387 



Deducting from the total per-centage of carbonic acid the portion 
in combination with lime, the per-centage of free carbonic acid 
amounts to 0*014035 : corresponding to 7161*813 cubic centimetres 
in 100 UtreSj or to 19 8535 cubic inches in an imperial prallon. 

The arrangement as above does not exhibit any chloride of t<odium 
in the water^ which no doubt must exist, as such, in the Thames 
at Greenwich, eqiedally at high water. In the same manner 
sulphate of hme is nnJoubtedly present, though not shown in the 
table. But as the precise form or the proportions in which the 
individual constituents are distributed in a mixed solution is not 
known — ^for experiment proves they may be variously associated in 
solution according to the degree of concentration — every arrangement 
must be more or less hypothetical. AVe have therefore adopted 
the principle followed in the preceding analyses of combining the 
strongest acid with the strongest base as affording the best means 
of comparison. 

The general features of the foregoing analyns exhibit a large 
increase in the amount of the fixed constituents as compared with 
the water taken at Twickenham, but not as compared with that 
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from London Bridge. This appears intellierible from a portion of the 
large amount of organic matter, found at London Bridge, bavmt:; 
disappeared in the further course of the river. The total amount of 
fixed constituents being, however, but slightly diminished, the rather 
considerable decrease of organic matter must be supplied by some- 
thing that the water has taken up. We find this to consist prin- 
cipally of the alkalies, magnesia and carbonate of lime, the latter 
beinj* taken up and held in solution by carbonic acid. In 
Irioknig for a source of the additional amount of carbonic acid, we 
tbmk it may be found in the decomposition of the various organic 
matters, both soluble and insoluble, which are daily carried into the 
Thames, and of which, as our analysis shows, a portion disappeai's 
in the progress of the river from London Bridge to Greenwich ; 
although this diminution may have been partly occasioned by the 
influx of sea-water. By comparing the different results of the 
several analyses, it becomes evident likewise, that the waters of the 
river are affected by other local circumstances, probably at both these 
stations. It may be mentioned that there are several chemical works 
which pour their refuse into the river, both above and below the 
point where the water which is the subject of the present analysis 
was taken. 

I cannot conclude this paper without mentioning that I have been 
kmdly assisted in this analysis by my father and brother, so that each 
determination is the result of at least three separate and independant 
experiments. 



XX. — Analysis of a Medicinal Water from the Neighbourhood of 
Bristol, By Thob-nton J. Herapath, Esq. 

At a distance of about fifteen miles from Bristol, on the Cherry Bock 
PariK^^ in the parish of Kingswood, Gloucestershire^ there exists a 
spring or well of water, which has been long held in gi'cat estiniatioii 
by the inhabitants of Kingswood and the surrounding districts, on 
account of its highly medicinal qualities. According to the present 
proprietor^ Mr. W. A. Long, of Wotten-nnder-Edge, (at whose 
request it was that the following analysis was undertaken)^ the water 
was analysed about forty years ago» and a pamphlet written upon the 
subject; but nothing can be now learnt with regard to the name of 

* This fiurm U now in the occapaiion of Mr. T. Alway, and is distant about three- 
qnarters off a mOa fmn the town of WIdnvar ; half a mile firom the Wickwar station i 
one mile tarn the viOige of Kingswood, and thiee nilei torn the Chaifidd station on 
the Bristol and Biipiagham Bailwajr. 
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the analyst, or the results of his examination. It appears from the 
iiiformatioTi which has been kindly afforded me by the above- 
nun in wud gentleman^ that the well from which the water was 
obtained is from 45 to 50 feet in depth, and the water rises to within 
21 or 25 feet of the surface; its^uantity is never scdmIiIv affected 
either by a wet or dry season. The surface is a thin mould, which 
rests upon a stratum of stiff clay of about five feet in depth; this clay 
is stained with iron in several places. This is succeeded by a bed of 
blue lias stone, which contains numerous fossil shells.* There are 
several thm beds of this stone, and m the spaces between them is 
stiff clay strongly impregnated with salt, which can be seen glistening 
in it as well as tasted. Below this again, th( re is. for about 15 feet, 
a dry marly clay, which is described as boin:: niucli mixed with the 
above-mentioned fossil-shells, and round smooth stones like lap- 
i^tones. It is from the bottom of thif? bed thiit the water rises. 

Most of the springs in this neighbourliood, when sunk to a great 
depth, are generally inclined to be salt, and a great deal of the blue 
lias stone, which is plentifully met with here, is stained with iron. 

The temperature of the water, when taken, differed only by about one 
degree from that of the surrounding atmosphere. Its specific gravity 
at 60^ Fahr. was 1 00507. It evinced a slightly acid reaction with 
very delicate trst-papcr; this, however, was most probably caused by 
the free carbonic acid present in the water, as the paper immediately 
resumed its original colour upon the application of a gentle heat. The 
water possessed a ver^^ marked, unpleasant, saline taste. It was neitlu r 
chalybeate nor sulphureous ; but the rapid manner in which it under- 
went decomposition, upon keeping, showed that it oontained a large 
proportion of organic matter. f 

A qualitative analysis likewise pointed out the presence of 
sulphuric, carbonic, crenic and apocrcnic acids, chlorine, lime, 
magnesia, soda and potash. There were also small quantities of 
phosphoric and nitric adds, iodiucj bromine (?)j Oizide of iron, silica 
and alumina (?). 

Quantitative analysis. 

* Described by the well-diggers as greatly resembling cockle-shells, 
t This WM ttiU more dearly shown by its behaviour with chloride of gold, when 
tested in fhe manner recently proposed by M. A. Dapasqnier (Joom. de Fliann. et de 

Chim. xni. 164 ; also Comptes Rendus, Avrll 5, 1847). Upon adding a few drops of a 
solution of this salt to two or three hundred grains of the water contained in a small flask, 
and applying heat, as soon as the liquid began to boil* the brownish'ted tint, mentioned by 
thai ehonist, bectme immediately perceptible. The same effect was prodnoed by 
eatpoaing the adntioii to tiw son's fight, hut more slowly. 
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A. Determination of the total amount of saline constituents. 
Water employed. Weight of fixed residue* Per pint. 

I. 8794-36250 grs. 56-200 grs. 56 200 

II. 4a9/-lbl25 » 26156 „ u&oU 

Mean. 56*256 

B. An imperial pint (879 1-3625 grs.) of the water was boiled for 
one or two hours in a porcelain vessel, until all traces of the carbonic 
acid were expelled, it was then allowrd to remain undisturbed for 
some hourSj in order to gi\"o time for the precipitated carbonates, &c. 
to deposit ; the supernatant lluid having been drawn off by a syphon, 
the precipitate was collected on a filter, well washed with water, dried 
at about 300 or 350" F. and weighed ; it amounted to 3*85 grains in 
weight, (a). 

As it was found that a small quantity of the earthy carbonates still 
obstinately adhered to the sides of the basin, it was dissolved oflf by 
means of a few drops of dilute hydrochloric acid ; the acid solution 
ihva obtained was supersaturated by a little carbonate of ammonia, 
and evaporated to dryness ; the residue, having been gently ignited 
to expel the ammoniacal salts, was found to weigh 0*26 gr. This 
was added to the carbonates previously obtained {a), and both 
were subjected to analysis. They gave of 

Carbonic acid • • 1*747 grs 

Carbonate of lime. 3*978 „ =s lame. . . 2*22770 grs. 
Sulphate of barytes 0*034 „ = Sulphuric acid 0*01150 „ 
Silica* .... 0*120 „ 

These numbers are equivalent to 

Carbonate of lime , • . 3"9GG65 
Sulphate ol iune • . . 0 01955 
SiUca 0-12000 



4-1U020 

Besides the above^ I also detected exceedingly minute traces of 
oxide of iron, alumina, magnesia, and phosphoric acidj but they 
were much too small in quantity to be estimated with exactness. 

C. The filtered water, having been intimately mixed with the 
washings of the filter (a), was carefully divided, by means of a 

* TMi reridne «f ailics wm dark in eolonr, but, upon being betted toredneaSi becaaM 
pnliBckly white, although it did not experience any perceptible diminution in weight. 
Thia would appear to prove the pmenoe oC a little bituminous matter. 
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graduated tube, into four separate portions of equal weight. Of 
these, the first, was employed for tho estimation of the sulphuric acid 
and chlorine; the second, for that of the lime and majinesia ; in the 
third, the soda and potash were estimated; and in the last, the 
organic matter. 

The following quantities were obtained : 

Sulphate of barytes 18*^28 grs. — sulphuric acid 6'2124 grs. 
=24.8496 per pint ; 

Chloride of silver (fused)* 4*657 grs. = chlorine 1*164:25 grs. 
=4*657 per pint. 

The second portion gave : 

Carbonate of lime 1*725 grs.=lime 0*9658 grs.=:d.86a2 grs. 

per pint : 

Pyrophosphate of magnesia 3'837 grs. = magnesia 1*3704 grs« 

= 5*4816 grs. per pint. 
The third portion gave : 
]\Iixed alkaline chlorides 5*125 srs. : 

Potassio-chloride of ]>latinum 0*086 gr. = chloride of potassium 
0 0262 gr. = potash 0 0165 gr. =r 0*0660 per pint ; there were * 

therefore of 

Chloride of sodiom 5.0988 grs. =2*7193 grs. of soda= 10*8772 
per pint. 

The fourth portion was evaporated to dryness at about 300^ to 
320^^ F., and the residue was kept at that temperature until its weight 
remained constant ; it was then heated to redness with an excess of 
anhydrous carbonate of soda^ and the loss of weight noted; it 
amounted to 0*826 grs.; consequently the entire weight of the orgO" 
nic matter contained in a pint of water was 3*304 grs.f 

D. Estimation of the iodine. — The alcoholic solution of the salts 
contained in a quart of the water was evaporated to dryness, the 
residue re-dissolved in a small quantity of water, and the solution, 
precipitated by proto-chloride palladium ; the iodide of palladium 
obtained," when dried at 212'^ F., was found to weigh 0 022 gr. = 
0 01 54 gr. of iodine ss 0 0077 gr. per pint =: 0 0143 gr. of iodide 
of silver. 

F. Estimation of the nitric acid. — The salts which remained 
after the evaporation of 17588* 725 grains of the water, were 
introduced into a small tube-retort^ where they were treated with 

* The rcdnotion, wliirli subsequent (•xpprimcnt proved it was necessary to Tnfi1<e ia 
this, on account of the presence of iodide of silver, indicated the true quautity of 
chloride of sUver to be 4 6531 grs. = chlorine 1*16335 grs = 4-6534 grs. per pint. 

t For tiw estiaiation o€ the crenic and aipocrenie adds, «M 
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a slight excess of moderately-strong sulphuric add. The mixture 

was then heated in a sand-hath, and the acid vapours^ which 
were given off, were conducted luto a glass receiver, where a large 
excess of recently precipitated carbonate of silver was held in suspen- 
sion in a small quantity of distilled water. Great care was taken to 
suspend the operation immediately upon the appearance of the fumes 
of sulphuric acid. The solution of nitrate of silver, &c., which 
remained in the receiver, having been boiled to expel any carbonic 
acid which might have been present, was filtered to st {)arate the 
excess of carbonate and chloride of silver, and precipitated by a little 
dilute hydrochloric acid ; the chloride of silver thus produced (which 
of course corresponded to the nitrate of silver present in the solution) 
was collected on a filter, washed, &c., and weighed : Ag CI (fuaed) 
ss 0-038 gr. = nitric acid 0 014 gr. = 0*007 per pint.* 

G. Estimation of the Organic Acids. — The whole of the salts 
which remained upon the evaporation of a quart of the water, were 
boilf d for a short time with a dilute soiutioa of potash. The solu- 
tion having been filtered, and the excess of alkali supersaturated with 
' acetic acid, it was precipitated by acetate of copper, &c.j in the usual 
manner. It gave of 

Aprocreuate of copperf 0*458 gr. = apocrenic acid 0 3538 gr. = 
0-1769 per pint. 

Crenate of copper 0*3510 gr. = crenic acid 0*^62 gr. = 0*1281 
per pint. 

If we deduct, therefore, from the entire weight of the organic 
matter obtained by the preceding experiments, = 3'304() grs., that 
of the above described organic acids 0*3050 gr. (01796 4- 0*1281), 
we obtain 2 9990 grs. as the true weight of the extractive or nitro- 
genous organic matters contained in a pint measure of water. 

G. Estimation of the gaseous carbonic acid. — This was performed 
in the usual manner, by passing the gas which was evolved upon 
boiling the water through an ammoiiiacal solution of chloride of 
calcium. A pint measure of the w^ater gave 4"43 grs. of carbonate 
of lime = 1.9492 grs. of carbonic acid = 4*1242 C.L at the 
ordinary temperature and pressure.]; 

* Fbr this timple tttd d^tat mefhod of eitiraatiiig tbe idtito add, f tm In- 
debted to myfiflwr, FxotoorW. Horaptllit by wbom It bM been long knoim and 

adopted. 

t In the above calculations, the numbers given by Berzelius for the atomic wdghts of 
tbo two adds have been employed. Aocoidiiig to bb eaqpedaieiits, the combining 
equivalent of apocrenic acid would appear to be represented by the nmnbor 136*ft, and 
that of crenic acid by 108 0.— Poggendorff' s Annalen, xxix, 238 Ctieq. 

X 100 CI. wdgh 47-262 grs.— Dulong and Berzelius. 
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From the analytical results ciaitamed in the preceding pages^ the 
fbQowing oompoaitioii for this mineral water has been dednrnd : 

Per pint = 8794-3625 grs. Per gallon « 70357-9 grs. 
Garb, acid gas^ at 60» F. 4124^ C.I. = „ 

Imperial pint. 

Fixed constituents. 
Chloride of magnesium • 0-0600 
Chloride of potassium . 0104!8 
Chloride of sodium . . 7-6030 
Iodide of sodium . • 0*0090 
Bromide of sodium ? . . traces. 
Sulphate of magnesia . 16*2190 
Sulphate of soda • • 15-3450 
Sulphate of hme . • 9 3895 
Nitrate of lime . • 0 0120 

Apoercnate of magnesia • 0*2030 
Crenate of magnesia . 0-1450 

Nitrogenous organic matter 2 9990 
Carbonate of lime • . 3*9666 
Carbonate of magnesia . traces. 
Carbonate of protoxide of iron traces. 
Phosphate of lime • . traces. 
Alumina? .... traces. 
Silica .... 0*1200 
Bituminous matter f • . traces. 



32-9936 CI. 
Imperial gallon. 

0-4800 grs. 
0-8384 
608240 

0- 0720 
traces. 

129-7520 
122-7600 
75-1160 
0 0960 

1- 6240 
1-1600 

23-9920 
31-7328 

traces. 

traora. 

traces. 

traces. 

0*9600 

traces. 



Ab 



561759 

)solnte quantity of saline in- 1 55*2560 
gredienta obtained . • j 



449*4072 
450*0480 



May 7» 1849. 
The Frendent in the Chair. 

The address deliTercd at the Anmrersary Meeting of the Greolog^cal 
Society, by Sir Henry de la Beche, was presented hy tibe author. 

The following communication hy Mr. Danscm was read ; likewise a note 
on a singular substance resulting from Cloves, hy Br. R. Scott, of Liver- 
pool, and n Tinto on the composition of the Deep Wdl Water of the Boyal 
Mintp hj W. T. Brande, £sq.« 

XXI. — On-the Su^kitei of Pottah, CkramUm, IMkUk and BimiUh, 

Bt Joseph Danson. 

mvmarr nr mm rnmFooL collror or enmnvnj. 

In Dr. Muspratt's t paper on the sulphites, the compoisitiou of the 
abovc-mentioued salts was not ascertained; I therefore undertook 

* The publication of this paper has been deferred at the request of the author, 
t liebig's Annalen, Band u 1844, page 259. 
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their preparation and analysis, with a view of lessening the gaps in 

this interesting series. 

SuljjJilte of potash. — ^This salt was obtained by passing sulphurous 
acid through an aqueous solution of potash until the liquid smelt 
strongly of the gas ; ether was then added to the solution, which was 
placed in a iiask, well corked, and allowed to stand at rest for three 
weeks — during this time a white crystalline precipitate was deposited. 

0-2010 grm. gave 0 2729 grm. sulphate of baryta = 0-074& sul- 
phurous acid, or 36*56 per cent. 

0120i grm. gave 0-1600 grm. sulphate of baryta = 0*0437 sul- 
phurous acid, or 36*29 per cent* Centesimally represented : 

Theory. Found. Mean. 

I, II. 

1 equiv. of Potash ... 48 58*98 — — — 

1 „ Sulphurous acid 82 85*95 36>56 86*29 86-42 

1 „ „ Water. ... 9 10*11 — — — 



89 99-99 
Formula KO SOg + aq. 
I can only account for the excess in the sulphurous acid horn the 
presence of traces of sulphuric acid in the salt. It has been remarked 
that a sulphite can scarcely be kept for an hour exposed to the air, 
without a portion being converted into sulphate; in this respect 
the salts of sulphurous acid differ ieom those of selenious acid, which 
do not oxidize on exposure.* 

Sulphite of Chromium. — This salt is fprmed by passing sulphurous 
acid through water, holding in snspensicm freshly precipitated oxide 
of chromium ; when the gas was passed through the m^istruum for 
some time, the whole Ijecomes clear, forming a dark green liquid. If 
the solution be now boiled to expel the excess of acid, a green powder 
, is deposited, having the following composition : 

2 Cr, O3 3 SO2 + 1 6 aq, or 2 (Cr^ O3 SO,) + HO SO2 + 15 aq. 
I expected to find the chromium salt correspond with the sulphites 
of alumina and sesquioxide of iron, but the analytical results at once 
destroyed the supposed analogy. The following fonnuhe represent the 
three compounds : 

SiUphite of alumina . . . Alg O3 SO2+. 4aq. 
Sesquisulphite of iron . . . Fcg Og SO9+ 7 aq. 
Sulphite of chromium i . 2Crj O3 3S02 = 16aq. 
The analysis of the salt yielded the following results : 
01020 grm. gave, wlien heated to redness, 0*0408 grm. of the 
oxide of chromium, or 40*00 per cent. 

* On the Mitt of ideniouB add, Quart. Joiiin. of Chem. Sodeiy, April 1, 1649, ptge 54. 
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0*1467 gm. gave 0*1280 grm. sulphate of baryta=0'0350 suU 
phorooB acid, or 23*85 per cent. Centeaimally represented : 

Theory. Found. 

1 equiT. of Oxide of chromium . . 160 40 00 40 00 
8 „ „ Sidphurous add ... 96 24 00 28*85 
16 „ „ Water 144 3600 — 



400 10000 

When heated in a test tube, moisture and Bulpboroiifl acid are 
given off; when the heat is continued for some time, a mirror forms 
on the upper part of the tube, disappearing when the heat is increased. 

Sulphite of lAthia, — If sulphurous acid be passed through water, 
holding in suspension the carbonate of lltliia, the whole soon 
dissolves, forming a colourless liquid ; tlu salt may be procured 
cither by adding absolute alcohol, or by boiling the solution to expel 
the firee acid, when white feathery crystals are deposited, which, on 
exposure to the atmosphere, become of a light yellow colour. 

0*0563 grm. gave 0*0663 grm. sulphate of baryta = 0-01821 sul- 
phurous add, or 32*14 per cent. Centeaimally represented : 

Theoiy. fwmA, 

1 equir. of Inthia 14 14*00 — 

1 „ „ Sulphurous add . . 32 32*00 32*14 
6 „ „ Water 64 54-00 — 



100 10000 

Formula LiO SO^ + 6 aq. 

Sulpfdte o/ Bitmuth, — ^1 obtained this salt by agitating freshly 
precipitated oxide of bismuth with a strong solution of sulphurous 
acid, keeping the mixture in a flask well corked for four days; the 
predpitate was of a straw colour, but became nearly white when dry. 
Heated in a test tube, the sslt sublimed, giving off no moisture. 

0*1810 grm. gave 0*1593 grm. oxide ofbismuth, or 81*01 per cent. 
centesimaUy repreaented : 

Theory. Found. 

lequiv. of Oxide ofbismuth . 237 8810 88*01 
1 „ „ Sulphurous add . . 32 11*89 ^ 

269 99-99 

Formub BiO, SO,. 

The oxide of bismuth ohtamed by heating the nitrate to redness, 
does not absorb any sulphurous add. 
This sulphite, in all probability, corresponds with tihe carbonate 

BiOaCOa? 
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May 21, 1849. 

Wm. Allen Miller, Vice-Presideiit, in the Chair. 

'WilUam 61aa% Esq.* ma dected a Fdlow of the Society. 
The folbfring papeis were lead: 

XXn. — An Analysis qf Plate Glass* 

By Messrs. J. E. Matee and J. S. Brazier, 

STUDBim nr ram botai. cousm of cmraraT. 

In going over the analyses of the different varieties of glass which 
have been recorded, we find that but little attention has been paid 
to the composition of plate glass, a material which is almost be- 
coming a necessary of life. It is, moreover, remarkable, that no analysis 
of the plate glass manufactured in Great Britain, has ever bcea 
published. The following pages contain the results obtained from 
the analysis of three different specimens of plate glass, which we 
undertook at the request of Dr. Hofmann.* These specimens were 
procured at the three most extensive plate glass manufactories of 
England. 

Which are — 

I. The British Plate Glass Company^ St. Heieiis, Liverpool. 

II. The London Thames Plate Glass Company^ Bow Creek, 

BlaekwaU. 

III. The London and Manchester PUte Glass Company, Sutton 

St. Heletufi Liverpool. 

For the purpose of analysis, these specimens of glass were reduced 
to the most minute state of division, which was effected by levigating 
in the usual manner. None of the specimens, whOst digesting in 
water, gave any reaction with the most delicate test papers. 

To determine the extent of their solubility in water, from four to 
five grammes were digested in that menstruum for about forty-eight 
hours, the clear solution, in each case, yielded on evaporation but a 
slight residue^ too small for determination. 

* I am Inddited for these spedmena fo the Idndnew of Mr, Fineham of the Britbh 
Plate Gliw Works.— A. W, H^fiimim, 
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The specific gravity of these specimens of glass is as follows : 

British Plate Glass 2*319 

London Thames Plate Glass . . 2*24d 

London and Manchester Plate Glass . 2'408 

A qualitative eiamination showed the presence of silicic acid^ 
potash, soda, sesquundde of iron^ alumina, lime, and in one case 
traces of manganese. 

The silicic add was determined in the usual nurnner^ by fusion 
with pure carbonate <tf potash. The sesquiozide of iron. Hie 
aluminay and the lime, were afterwards precipitated from the hydro- 
chloric filtrate. 

To determine die aUcaUes, the glasses were decomposed by meana 
of hydrofluoric acid* in an apparatus recommended by Brunner,'^ 
whidi consists of a leaden capsula with a fiat bottom about six inches 
in diameter and four indies high, in the centre of wMdh is placed a 
small leaden ring about an indi and a half high, which serves as a 
support for a {datinum dish. The leaden capsula has a cover fitting 
p^ectly tight. 

To set tlw apparatus in action, it is neceesary to cover the bottom 
of the capsula vrith a layer of pulverised fiuorspar about hslf an inch 
in thickness, and to pour upon it some sulphuric add, suffident to 
form a thidc paste. A weighed portion of the finely powdered glass, 
after being put in the platinum dish, is covered with water, and 
placed on the leaden ring. The whole is then kept at a gentle heat 
dther on a sand hath, or by means of a spirit-lamp. 

By a few preliminary experiments, we found the action on the 
£^S8 to be exceedingly slow, when covered merely with water ; it 
was then suggested to us by Dr. Hofmann to try^ instead of water, a 
strong solution of ammonia ; we found that, the hydrofluoric add 
bdng much more rapidly absorbed by this latter agent, the decom- 
position was facilitated in a remarkable manner. 

The first of the two following tables shows the amount of sub- 
stance employed ; the results obtained are exhibited in Table IL 

TABLE I. 

X. II. III. 

Briliih London Thwmw LoDdou & MmdieBter 

Plate Glass. Plate Glass. Plate Glass. 

12 12 12 

grm. gi'DQ' grm. gnn. giQi. gnu. 

1-3429 1-1750 1-1579 1 1906 1-0508 1*1005 



Quantity of glass for 
general analysis . . 

Qaantity of glass far 
estiination of alludies / 



1-9400 2-1500 1*4200 1*6800 1 0200 2 0700 



* PoggendocflTs Annalen, xliv. page 134. 

VOL. II. — mo, vii. 
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TABLE II. 

I, II. III. 

Britidi London Thames London & Manchester 

Plate Olau. Fkte Glaas. Plate Glaat. 





1 


2 


1 


2 


1 


2 


SlUdeaeid .... 


gnu. 


grm. 


grm. 


grm. 


grm. 


grm. 


1HM02 


6^180 


O>9090 


0-0390 


0-8200 


0*8630 


Chloridea of poiaidiiiii ' 
and sodium . . . 


.0-5700 


0*6460 




»« 


0-2675 


0-5360 


BicUoride of platinum ' 
and potassium . . 


.0-3100 


0-3610 




« • 


00925 


01835 


Chloride of sodium 


0-4735 


0'5360 


• • 


• • 


0-2390 


0-4790 


Sesquioxide ofironand 
alumina . . . .j 


.0-0127 


00105 


0-0320 


0-0495 


0 0373 


00405 


Carbonate of lime . . 


0*1266 


0-1135 


0-1245 


0-1305 


0.0887 




Sulphates of potash] 
aiidio& . . . .j 
Snlphattofbaiyla. . 




• • 


0'4105 


0*4940 


• • 


m m 




• • 


0*6645* 


o-woo* 


• • 


• • 



The following numbers correspond with the foregoing results : 



I.—- BBITIBH PLATE GLASS. 





T. 


IT. 


MEAN. 


Silicic add • . • . 


77-4592 


77-2700 


77-3646 


Potash • • . . 


2-8T10 


3-2192 


80151 


Soda • • • . • 


12-9233 


13-2028 


13 0630 


Tjiinc • • « • • 


5*S»192 


5*4096 


5*3144 


Manganeee .... 








Soflqui0zide of iron 


0*9457 


0*8936 


0*9197 


Alumina . • . • 


trace 


trace 


trace 




99*3588 


99'995j& 


99*6768 


IL— LONDON 


THAMB8 PLATB ^LA88. 






I. 


II. 


MEAN. 


Silicic add . . . . 


78*5050 


78*8669 


78*6859 


Potash . . . . 


1*2744 


1*4176 


1-8460 


Soda 


11*5919 


11*6724 


11*6822 


MmBBIC e ■ • # • 


0*0605 


6*1880 


60992 


Manganese • • . . 






$> 


SesquioiideftfiKm 


trace 


trace 


trace 


Alumina . . . • 


2*7686 


2*5970 


2*6803 




100*1954 


100*6919 


100*4436 



* ^leie immlMn were ebtained in an indireet detemiinitkHi el the anadiei. 
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IIL — LONDON AND MANCBB8TBR PLATE OLAB8. 



Silicic acid • 
Potash 
Soda . 
Lime . 
Manganese . 
Seaqnioxide of inm 



I. 


II. 


MEAN. 


78*0357 


77'7827 


77*9092 


1*7453 


1*7062 


1*7257 


12-4378 


12*2822 


12*3598 


4*7270 


4*9816 


4-8543 


traces 


tiaoes 


tiaoea 








3*5*495 


3*6602 


3*5998 


100-4948 


100-4029 


100-4488 



A table is sulifjoiiied eontainiiig analyses of several varieties of 
plate glaas^ in order that the composition of the plate glass in this 
ooontry may be compared with that manufactured abroad. The 
Venetian glass was analysed by M. Berthier, the Bohemian minor 
glass by Peligot^ and the French glasses by Dumas.* 

















London 




Venetian Boheniin 

Plate Plate 
Glass. Glass. 


French Plale 
Glass. 

No. 1. No. 2. 


British 
Plate 
Glass. 


London 
Thames 
Plate 
Glan. 


aud 
Man- 
chester 

Plate 
















Glass. 


Sffldeseid . . 




67*7 


75-9 


73*89 


77*86 


78.68 


77-90 


Potosh . . . 


. 6-9 


SI'S 


• • 


5.50 


301 


1-34 


1-72 


Soda ... . 




« • 


175 


1205 


1306 


11-63 


12-35 






9-9 


a-B 




6*31 


6*09 


4*85 


Magnesia . . . 


a-1 




• • 


• * 


. . 


a ft 


• • 


Manganese . . 


0-1 


• • 




• a 




• • 


tttoe 


Oxide of iron . 


. 02 


• « 


• • 






trace 




Alnmiu . • . 


1-2 


1*4 


2-8 


s'so 




8-66 


'8*59 




98-2 


1000 


100-0 


10000 


99-65 


IOU'42 


100 41 



Plate 2:la^8 IS usually considered as a double silicate of lime and 
soda, or ot lime aud potash. The follo^^^^g atomic expreisions repre- 
sent the different analyses contained in tlie above tnble ; the amount 
of potash contained in the English vnnctics of i^lass beini}: very- 
trifling, this oxide has been neglected altogether in the construction 
of their formulae. 



Venetian plate glass 
Bohemian mirror glass 
French plate glass^ No. 1 
French plate glass. No. 2 
British plate glass 
London Thames plate glass 
London & Manchester plate glaaa 



% KO, 8 NaO, 6 CaO. 22 SiOs 
KO, CaO, 4Si03 

4 NaO, CaO, 11 SiOj 
KO, 3 NaO, 2 CaO, 14 SiOg 
2 NaO, CaO, 9 SiOj 
2 NaO, CaO, 8 SiO, 
2 NaO, CaO, 9 SiO, 



* Comp. Knapp's Technology, Vol. ii. page 16. 
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XXIII. — RMearches on the Amyl-Series, 
Bt Hbkkt Meplock^ Esq. 
II. 

Amylo-urethane, — ^The onginal object of my eiperimeiits apon the 
action of ddorocarbonie acid (phosgene gas) on fiuel-oil was the 
fonnation and study of a oompoand corresponding to that obtained 
by Bnmas'*' in the treatment of cblorocarbonie ether with an aqneona 
solution of ammonia, to which the term urethancj has^ by its 
discoverer^ been applied. In a paper^ recently conmnmicated to this 
Society^t I detaOed the results of some experiments which seemed to 
point out the existence of a member in the amyl-series^ homologous 
to chlofocarbonate -of ethyl, although the compound in question 
was of very unstable character; being, in the presence of water, 
rapidly decomposed into carbonate of amyl with evolution of carbonic 
and hydrochloric acids. Bepeated obsOTations proved that the 
compound obtained in this reaction could not he heated without 
suffering partial decomposition. On treating the crude product 
which had been heated^ with ammonia, chloride of anmionium was 
abundantly formed, together with a small quantity of a fatty 
substance crystallising with remarkable facility : the diirf portion, 
howeveri of chlorocarbonate at my dispossl had, evidently, been 
decomposed under the combined iidAuence of heat and moisture, so 
that the quantity of the crystalline compound obtained was too small 
to admit of establishing its composition by analyBiB, or for the study of 
its products of decomposition; analogy only allowed me to conclude 
that it was the urethane of the amyl- series. 

It appeared very probable, that by modifying the process In such a 
manner as to exclude the slightest trace of moisture, the chlorocar- 
bonate of amyl, and by subsequent treatment with ammonia, the 
urethane lihewise might be obtained. In repeatiag the experiment, 
perfectly pure fusd-oil was introduced into a glass balloon of 60 litres 
(about 12 gall.) capacity, filled with dry phosgene gas ; rapid absorption 
took place as was evident by the devation of temperature, the liquid at 
the same time assuming a fine amber colour. After being in contact 
for a quarter of an hour, air was admitted to replace the absorbed gas, 
a portion of the fluid being immediately transferred to a perfectly dry 
retort and submitted to distillation. It commenced boiling at 12C^ 

* Ann. de Chimie et de Thy%., T. lit, p. 229. 
t Qaarterif Jonraal Chetn. Soc.» vol t. p. 3G8. 
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(2480 p.]^ the thermometer rapidly riaing to 224^ (485'2<» F.) where 
it remained tolerably stationaiy. The fluid diatilling over at this 
temperature, and that also which remained in the retort, no longer 
solidified on the addition of ammonia, indicating at once that deoom* 
position had taken place. The facility with which my former prepa- 
rations were decomposed, the peeolisr odour of the compound, and the 
temperature at which it steadily boiled, left no doubt of its being the 
carbonate of amyl^ produced by the action of heat upon the chlorocar- 
bonate ; hence it is evident that the latter compound does not admit 
of being obtained in a state of absolute purity. 

The decomposition of the chloroearbonate into carbonate of amyl, 
carbonic and hydrochloric adds, in the presence of water, is easily 
intelligible. In the experiment, however, which I have described, 
water was excluded with the greatest care. The hydrogen and 
oxygen, therefore, necessary for the formation of the hydrochloric 
and carbonic acids, must have been derived from the substance itself. 
This view is experimentally supported by the large quantity of 
charred substance which remained in the retort after the distillation. 

On treating the lemainbg portion of chloroearbonate of amyl, which 
had not been heated, with an aqueous solution of ammonia, the 
mixture entered almost into a state of ebullition, erincing a very 
powerful reaction. The oily liquid floating upon the surface, solidified 
on cooling, to a crystalline masS, which was subsequently freed fi-om 
adhering fusel-oil by pressure between folds of bibulous paper, and 
from chloride of ammonium by washing with distilled water until it 
no longer affected a salt of silver. 

The change which takes place in this reaction is represented in the 
following equation 

C,oH„0,C,{^3| +2NH3 = CioHiiO,C,{j^^^ } + N CI 

* V * ^ I . — ^ t 

CblonKwbonsteofsmyl. Amylo-iiMtliuie. 

Amylo-urethane, as I propose to designate this compound, is 
soluble in alcohol, ether, and boiling water, from which it crystallises, 
on cooling, in beautiful iridescent satiny needles. It is fusible at 
6(F (140^ F.), and distils without alteration at 220° (428*' F.}, the 
distillate solidifying in the neck of the retort into a fatty crysts^ine 
mass. 

Analysis gave the following results : 

L 0*4940 grm. of substance burned with protoxide of copper, gave 

0-9988 „ carbonic acid, and 

0*4418 „ water. 
II. 0*8540 „ substance gave 
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0*6050 grin, of bichloride of platinum and chloiide of ammo- 
idxm, cloieLy coincidmg with the fomula, 

as will be seen by the following comparison of the theoretical numbers 
with the etperimental results : 



12 cquivs. of Carbon . 

13 „ Hydrogen 
4 „ Oxygen . 
1 equiv. of Nitrogen 



72 


Theofy. 


XA|MtlllM 


5496 


5511 


13 




9-93 


32 


24-43 




14 


10-69 


10-70 


181 







1 „ Amyio-nretfaant 

By distillation with caustic baryta^ ainylo-urnthane is decomposed 
into ammonia and carbonic acid, together witk an oily jnoduct 
posscssmg the charactcnstic odour of fusel-oil, and exhibiting a 
boiling tpmperature of about 132° (296*6 F.), which is that of pure 
hydrated oxide of amyl ; in this case, also, the water necessary to 
accomplish the reaction is furnished by the total destruction of a 
portion of the substance itself. 

Sulphuric acid completely dissolves amylo-urcthane in the cold, 
producing no action upon it wliatever, even when allowed to remain 
in contact for several days, on the addition of water it separates again, 
forming a crystalline pellicle on the surface of the fluid ; if it be 
heated it is resolved into sulphamylic acid and ammonia, with the 
evolution of carbonic and sulphurous acids. 

The analysis of the baryta-salt gave the following results : 
0*2530 grm. dried in vacuo gave 
0*1210 „ sulphate of baryta =b 
0-0712 „ barium. 
Agreeing perfectly with the formula : 

Ba C,o Hn SO4 -f HO, 
as may be seen by the following comparison : 

Theory. Exper. 



10 equivs. of Carbon . • . . 60*00 24*62 

. 12*00 4*90 
. 7200 29*48 



12 „ Hydrogen . 
9 „ Oxygen 
2 „ Sulphur . 
1 equiv. of Barium 



8200 18-09 — 
88*64 28*06 28*14 



1 equiv. of Barium-salt . . • 244*64 100 00 
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The opinicnui held hy ehemiits legarding the oonititiitioQ of the 
urethanea aie divided ; gome asBome in theae componnde flie eiirtence 
of a peculiar add— carbamie add; if tMa view be adopted^ the com- 
pounda in question wiU acoordingly be oonndeied aa the carbamatea 
of methyl, ethyl and amyl ; oUien regard them as carbonic ethers 
associated vith the elements of carbamide. The beaatifol investiga- 
tion of M. Worts appeared to offer a new mode of viewing tiiem. 
The discoveiy of methylidine and ethylidine and the remarkable 
analogy of these bases to aniline render it probable that future ze- 
searehea will efidt compoonds in the new alkaloidal series analogous 
to the derivatives of aniline. In fiwt the compounds corresponding 
in the methylidine- and ethylidine-series to carbaniUde and carbani- 
kmide have actually been obtained. Now the composition of 
members in these new aJkaloidal series analogous to anthranilie or 
carbanilie add peifectly coincides with the formulae of the difEierent 
uretbanes. 



Aniline . 
Anthranilie acid 
Ethylidine 
Urethane 
Amylidine (?) . 
Amy lo- urethane 



H, NO^=Ci. 11, N + 2 CO, 



. CjaHi3N04=CioHi3N + 2C02 

It was necessary, and Dr. Hofmann particularly directed my 
attention to these points, to test this view by the study of the 
metamorphoses of the new compound ; if the formative elements of 
the nretlianes were actually grouped as those in anthi'anilic acid, 
amylo-ureUuirie should have yielded, with alkalies, amyhdine, and, 
with suljilmiic -dvid, sulphamylidic acid; repeated trials, however, 
have ]Jiovccl the results to be as I have above detailed. Hence 
it a[)pcais that this class of compounds are merely isomeric with 
the true earhaniic acids of the new alkaloids which the progress of 
science will not fail ere long to bring to light. 
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June 14, 1849. 
Tlie Ptondent in tlie Chair. 

Will. NeOdy Esq., mui deeted a FdUm of the Sodefy. 

The iblkfiv^ altemdon m the 14tli bye-hiw wu piopMed bj the 
CouneOt— "That no paper shall be veod at ai^ meeting A the Society, 
which haa not been in the handa of the Seoetaiy for at leaat one wedc 
previoualy to the day of meeting ; and that no paper ODoe depodted irith 
the Secretary, shall be returned to the author." 

The following eommnnications were read : 

Off the Carbonate of Alumina, by Sheridan Muspratt, Fh.D.» 
Dr. Muspratt analysed the precipitate produced by carbonate of ammonia 

iti a solution of pure alum ; tlio precipitate wns washed until no trftce of 
ammonia remained in the precipitate or filtrate. Tliis precipitate, prior 
to Mr. Piiillips' remarks at the meeting of the British Association at 
Swansea, had been always described as hydrate of alumina Ai^ 0^ ilO } 
the analysis proves that it is a carbonate. 
The analytical results are as follows : 

0*1600 grms. of substance ^ve, in Will's apparatus, 
0*0095 ,> M carbonic acid. 
0'1450 >, t> substance yielded 
0*0650 »* „ alumina. 
Centesdmally represented 

Theory. Experiment. 

3 eqniva. of alumina . . 153 44*86 44*82 
2 „ carbonic add . 44 12 91 12*19 
16 „ „ water ... 144 42*23 — 



341 100-00 
These results coincide closely with the fomrahi 

SAljO^ 2 00, + 16aq. 



Off the Manu facture of Soda, arid on the Composition of Salt-cake, Black- 
ash, Soda-ash, and ^Suda-woiiief by JfaEOERiCK Muspratt and Jos£ph 
Danson, Esos. — The anthora after deacribiiig in Una paper the ordinary 
aoda process, introduce the foUowing analyaea of the difeent prodncta of 
the mannftctuie. 

aAI«T CAKS AS A1VALT8BD BT DE. MOSPKATT. 



Sulphate of aoda 95*936 

M M Ihne 0-5/2 

„ >, magnesia . . . 0*136 

Chloride of iron 1 '357 

Sesquioxide of iron .... 0*291 

Insoluble matter 0*400 

Water and ftee add . . . 1*808 



100000 
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coMFOtiTtoir or black-aib. 

Ctloalitoa on 100 parts 
wiUurat charcoal and Mud 



Carbonate of soda • 


. 26-233 


28-890 


,, lime • 


• 12*913 


14-221 


Sulphide of calcium . 


. 23-479 


25-857 


Anil iiiTn 






Chloride of sodium 


. 2-786 


3-068 


Sulphate of soda 


. 0-743 


0-819 


Iron, alumioa, . 






Phosphate of line and 
MagnoMi*. 


^1 6-653 


6*226 


Caiiatic lime 


. 8-388 


9-237 


y, soda • • 


, 7-506 


8-267 


Silicate of magnesia . 


1-840 


2*026 


Charcoal and sand 


. 9-197 




Water, &c. . 


. 0-899 


0-990 




100000 


100-000 



C0MF08ITI0K 09 BOOA*ASH. 



Carbouate of soda 
Caustic soda . 
Hydrate of soda 
Stdphate of soda 
Sulphite of Boda 
Aliumnate of soda . 
Sulpliide of sodium . 
Carhonate of lime . 
Sesqmoxide of iron . 
Carbonate of potash 

„ ,, magaesia 
Cjanide of sodium . 
Silicate of soda 
Chloride of sodium . 
Sulphide of caknim 
Charcoal and sand . 
Water . 



Ordinaiy 


Aih for Boap 


Ash for 


ash. 


makers. 


plate glass. 


Brown. 


Muspratt. 


Danson. 


71-614 


77-085 


78-55 




4-881 


4-15 


11-231 






10-202 


5110 


1*70 


M17 






0*923 








0*630 






0*320 






0-324 


0*27 




0-200 








1 0-33 


1-042 


2-400 


0-25 


3-051 


7-130 


5*62 




0*200 




0-316 


0*659 


0*48 


0*504 


1*061 


8-65 



100-000 100 000 100-000 



* These ceniliftiieiits of Uadtraah an net stated ia Ibnncr aoalarMs.— >Dr. M. 
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COllVOSinON OF MDA-WABTE. 

Calcnlatcd for 100 parts 
without charcoal and sand. 





I. 


II. 


I. 


II. 




— * 




rrcsn. 








All i)\JO 




Sfi*698 


ciil r^Ti 1 A fHil/^iiVM 








V U 1 o 


Carbonate of lime • . 


19-681 


35-065 


41-202 


23-423 


Caustic lime .... 


lOUU 


7*409 


8-723 


12-032 


Iron, alumina 










Phosphates of lime and 


6-216 


7-572 


8-914 


7-398 


Magnena. 










SnlpliMe of Erne . . . 
Silicate of im^giMnna » 


3*857 


2*147 


2-528 


4*590 


1*300 


3-080 


3-625 


1-785 


Sulphide of sodium • . 


2-412 


1-226 


1*443 


2-870 


Charcoal and sand . . 


15-978 


15-060 






Water and Unbs . . . 


9-091 


1-466 


1-726 


1 0-589 




100-000 


100-000 


100 000 


lOOOOO 



In the above analyris, the quantities of carbonate of lime and bisul- 
phide of calcium differ materially. The oxysulphide of lime decomposes 
readily, giving rise to sulphide and bisulphide of calcium and caustic lime, 
which latter speedily attracts carbonic acid. Very old waste, principally 
consists of sulphate and carbonate of Ume. 



June 18, 1849. 
Col. Ph. Yorke^ ia the Chair. 

John Shier, UuD,, im elected a FeUow; and M.BC. Bouaain- 
gaadty Oiemnl, Gvjr-Liuaafl^ L. Gmdin, H. Kopp^ I^rent* Mitaeherlidi, 
Pelouze, Regnault, H. BoBe» Thenard, and WStSia, vere decCed Foreign 
Members of the Sociefy. 

The following jiapers were read : 

On CIroaMtfe of Copper, By H. Suodbn Evan^ Siudmit ni tie Liver' 
pool College of Chemietrjf.^'WhBa a salt of copper is precipitated by 
cliromate of potash, a ydbmiah-brawn pfoeipitate la piodaced, wlueh 

becomes reddish-brown when dried. T&a salt contains a large and 
Taitable quantity of chromate of potash. After being washed for four 
days, until no soluble matter passed through the filter, the salt was dried 
and heated to redness, and the author was then enabled to extract con- 
siderable quantities of chromate of potash from it, by boiling water. The 

* This waste ww about six weeks old; at was dried on a water-bath befece being 
analysed. 
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oompontion of the brown salt, before being heated end treated with hot 
water« ii stated by the author as follows : 

Qnde of copper . . 40*59 

Ghnmueadd . . 54*62 

Potash .... 1*65 

Watw and loss 3*14 

100-00 

Correspondliig to the fominla : 

29 (CaO, CiO,), KO, CrO, i- 10 Aq. 



Oh tk9 pumtiMve mkuiiiM tjf Cjfoiogm (m «M^fw. By Cbaiilbs 
Hbiach, Ebo. — ^Hanng oocaabn to analyse a Bnmba of the eompoonds 
of cyanogen and niereniy» I was led to seek a more ready means 
of estimating the latter body than that usaally adoptedt vis., an ulti^ 
mate analysis. 

After one or two trials, I found the following method give mch e:ood 
results tliai I thought a communication upon the subject might not be 
unacceptable to the members of the Chemical Society, more especially 
as it is applicable not only to the analysis of the cyanides of mercury, 
but to that of many of the double cyanides, such as cobalticyanide of 
potassium, &c., which have hitherto been analysed by combustion. 

The substance to be analysed is put into a small flask, capable of 
contaming from two to three ounces, wiih some pieces of pure sine and a 
little water. A cork is fitted to the flask, perforated inth two holesi 
throng^ one of which a tabe-fbmiel passes to the bottom of the flask» 
and in the other is' fixed b tnbe» bent twice at right angles ; the other 
end of this tube is dipped into a solution of nitrate of silver. Snfident 
sulphuric acid is now added to cause a brisk evolution of hydrogen, when 
the whole of the cyanogen is ccnyerted into hydrocyanic acid, and is 
carried over into the nitrate of silver, and there precipitated as cyanide of 
silver. The heat produced by the action is usually enough to drive over 
all the hydrocyanic acid formed ; but should this not be the case, the 
flaisk may be heated until no more cyanide of silver precipitates. In 
dealing with the salts of mercury by this method, it is liccessary to add 
to the sulphuric acid enough nitric acid to prevent the action being 
stopped by the amalgamation of the shie. 

In proof of the aeenraey of this method I may state, that 11*87 grs. of 
bi^anide of mercury gave 12*554 grs. cyanide of siher : by calealation, 
it should have given 12*608 grs. 
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XSJY*^^Eaisminatum of same Slags from eofper melting fttmaces. 

Bt Fbbdbbiok ¥iEU}f Esq. 

The phenomena occasioned by the continued action of heat upon 
mineral substances in connexion with various iluxes^ such as lime, 
felspar, &c., have been carefully studied by several eminent philoso- 
phers, their experiments, I believe, however, have been chiefly con- 
fined to the laboratory and to the products obtained within the 
confines of the crucible in the assaying furnace. Many hundred 
analyses of slags resulting from all kinds of fluxes employed by the 
assayer, have been made by M. Tlcrtier, and more recently by 
I^Tr. Mitchell, in order to shew the different states of mineral and 
iiux before and after fusion, and their researches have been inva- 
luable to the assayer and practical smelter, throwing considerable 
light upon the various and oftentimes complicated action resulting at 
an elevated temperature. The following analyses have been made 
upon the products of furnaces in which the ingredients were enabled 
mutually to react upon a more extended scale, the fluxes being at the 
same time not very unlike those employed by the assayer. The 
experiments described below will, I hope, not be entirely destitute of 
interest, phenomena frequently taking place in operations of con- 
siderable magnitude, which cannot be observed in the smaller and 
humbler experiments in the laboratory furnace. 

The slags, the analyses of which form the subject of the present 
paper, were obtained from the furnaces of the South American and 
Mexican Company in Chile, and the analyses were performed in the 
laboratory of that establishment. The method of smelting copper 
carried on at the works of the oompany^ is that patented by Mr* 
Napier. 

When the mineral was mixed irith 20 per cent of its weight of 
common salt, and 15 per cent of lime, and the whole kept in a state 
of fusion for some time, the slags on being akimmed, presented an 
imiform mass, perfectly limpid and free from metallic particles, upon 
cooling, however, the mass separated into two distinct portions, 
which could be divided from eaidi other with the greatest facility, a 
slight blow of the hammer being sufficient to eaase them to fly 
asunder : it appeared to me interesting to determine the composition 
of both portions, in as much as they presented very distinct physical 
appearances, the lower stratum having a highly crystalline texture 
very much resembling certain species of syenitic rock, while the upper 
portion had a fine glassy appearance, totdly devoid of crystallisation. 
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This ktter which we shall distingiiiah as No. 1^ or glassy slag^ poi* 
sessed a fine dark green colour^ closely approacUng to blacky having 
exactly the appearance of the §^ass firom whidi the common wine 
bottles are manofaeturedj it presented a highly oonchoidal fraetnre^ 
and was immediatdy decomposed by aqua regia^ end even by boiling 
hydrochloric add. A qnalitative analysis shewed the presence of 
silide acid^ alnmina^ oxide ci iron, lime, magnena, manganese, 
chlorine sodium, with traces of sulphur. 
The fallowing is its composition in 100 parts. 



Silica 49-26 

Alumina 12*87 

Protoxide of iron . . • • . 18*00 

Lime 7*84 

Magnesia . • • » . 2*62 

Oxide of copper • • • • 0*70 

Chloride of sodium • • . . 0*48 

Soda 7-93 

Manganese . . . . • 1 j. 

Sulphur } 

Lub6 m aualysis .... 0*20 



100*00 

The chloride of sodium was estimated j&om the amount of chlorine 
obtained by boiling 200 grains of finely pulTcriied aUg fiir an hour 
with distilled water, and subsequent precipitation with nitrate of 
dher. As the dag was perfectly decomposable by aqua regia, fusion 
with baryta for the estinmtion of the soda was unnecessary, that 
alkali being determined by the method proposed by Heints, for the 
separation of magnesia from the alkdies. The lime, alumina, 
iron, baring been separated by carlxmate of ammonia, a stream 
of hydiosulphuric acid was passed through the filtrate prerionsly 
acidulated, in order to precipitate traces of copper; after boiling wiA a 
subsequent addition of ammonia* phosphate of ammonia was added to 
precipitate the magnesia ; an addition of acetate of lead, removed the 
excess of phosphoric add, and agaiu the excess of lead was separated by 
means of amixtare of carbonate of ammonia and ammonia; on erapora- 
tion to dryness and subsequent ignition, chloride of sodium remdned 
in the platinum basin, firom whi(^ the amount edsting as such in the 
dag was deducted, and the soda estimated from the reddue* This 
dag, as before remarked, has a clear glassy structure, and has not 
tile most distant appearanee of contaimng copper. The 0*70 per cent 
of black odde found by analysis, is present in combination with silicic 
add. In ixHitact with metaUic iron, the colour is dianged fnm black 
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to a fine red^ owing doubtless to tbe lednctaon of the protoxide to 
the foboxide in the following manner. 2 (Cn O 8i O,) + Fe 
(GH) O Si 0,) + FeO Si 0^ This phenomenon was alwaya observed 
whcD the slag had come in contact with the rahhle used by the 
fumaoe-man^ or with i^t fore-plate of the fomaoe. 
The undor slag, (No« %), whieh is termed sharp or metallic dag, 
. presented a very difoent qipeaiance from the former, it was nnde- 
composable by aqna regie, and a long continued iusion with caibonate 
of soda was necessary for its entire decomposition. A quslitatiTe 
analyaas proved the existence of the same substances as in flie fonner 
specimen. On ignition to whiteness with carbonate of baryta only 
very small quantities of alUi were observable. 
The following is the quantitative analysis of this ahig : 



Silica . " 49 GO 

Alumina ...... 14< 00 

Oxide of iron 82-94 

lime 1*28 

Magnesia 0*11 

Oxide (tf copper .... 1-06 

Soda 0-70 

Chloride of sodium .... 0*43 

Manganese traces. 



100 07 

It will be observed that the amount of nhea is nearfy equal in these 
two analyset j in the former itis 4d*26« in the latter 4i9*00> but all the 
other ingredients, the ainmina excepted, are in widdy different propor- 
ti<ms. In foct, slag No. 2 may almost be considered as a silicate of iron 
and alumina, these three bocUes alone forming more than 96 per cent 
of Ihe whole mass. We may imagine tiiat sk^ No. 1 acted aa a bath 
fiom whidi No. 2 had erystalUied ; that siBca, in certain combinations, 
with soda, iron, lime, %k., dissolved a silicate containing an exceaa of 
iron and deposited it, on cooling, in crystallme forms more or leaa 
definedi in other wofds, lhat the metallic alag was held in solution in 
the fi^assy slag^ the latter containing nearly the whole of the aoda, 
lime, and the more fusible compoands. However small the quantity 
talcen from the fbxnace, the same phenomenon alwaya occurred, via., 
the complete separation of a crystalline slag from a homogeneona 
mass resembling black glass. 

When smaller proportions of salt, but the same quantity of lime 
were em^byed, vis. 10 per cent of the former, and 15 per cent of 
the latter, in regard to the mineral of copper, no separation of tfie 
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slags took plaee on Bkiniiiiiiigj bat the maw preseated a very diffsraat 
ai^eet to the two foimer speeimeiis. It was now big^y variegated^ 
and had a beantifnl aefpentine appearance^ very mudi naembling 
many tpeeimena of igneona roek I have sinee aeen in thia eonntfy^ 
(Chile)^ and bo hard aa to he eapable of reoeiving a heaatiM poUih, 
A qnalitative analyiia gave me the same ingredients as in the two 
ibrmer alags^ with tibe addition of flnlphnr and nnhnmed caxbonaeeona 
matter. Thia slag, also, had to he deeomposed hy fusion with 
carbonate of soda, and the aflndi it eontained, waa estimated hy 
ftunng it with baryta. 100 parts gave me : 



Silica . 


42-20 


Alnmina 


10-80 


Lime • • • . 


G-43 


Magnesia . 


214 


Protoxide of iron • 


8100 


Oxide of copper . 


0-45 


Chloride of sodium 


0-34 


Soda . • , 


3-44 


Sulphur 


1-43 


Escoria 


1-56 


Loss in analyiis • 


0-21 




10000 



On examining some csconas from a furnace some few leagues from 
Coqiiimbo, I observed, on breaking a portion, beautiful nec dlt - 
shaped crystals gi'ouped together in large and distinct cubes in cue 
of the cavities, having ver}' much the appearance of those iu No. 2, 
only larger. They were separated, with some difficulty, from the 
mass, and in qualitative analysis shewed the existence of lime, silica, 
oxides of iron and copper, alumina and magnesia. Twenty-four 
grams were analysed and yielded the following per-centage com- 
position: 



Silica 


85-60 


Protoxide of iron . 


50-46 


Alumina 


6-85 


Lime 


4-48 


Magnesia 


016 


Oxide of copper . 


2-32 


Loss. 


0 13 




100-00 
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The aaunint of protoxide of iroB is hm to be obtemd, and 
Ikom many expenments not yet oondudedy it appears to me that the 
other ingradients in the crystals^ besides the silica and iroQ^ are not 
essential to thecrystslline struetore of the mass, but may be reckoned 
aslimc^ sabstances. I have not, aa yet, however, met mSSk any 
tiiat contained only silicimn, oxygen, and iron. 

As I am, at present, constantly engaged in investigations re- 
garding the nature of the sabstances placed in the ftumaoe, and the 
condition they present after fusion, I trust to be aUe, at some future 
time, to lay before the Society a more detailed aoeount of the various 
silicates obtained. Every difeent proportion of ingredients, every 
prolongation oS temperature, causes not only a difference in constitu- 
tion, but an entire change in physical appearance, so that, perhi^, 
by many careful analyses we may arrive at more satisfactory con- 
dusions regarding tiie formation of natural silicates and other 
minerals of igneous origin. 



XXV. — On the Relative Expamioiu of Mixtures of Alcohol and Water 
under the influence of a certain rise of Temperature, and on a 
new imtrtanent for taking the Specific Gravities of the same. 

By G. H. Makins, Esq. 

About two years since^ I made some experiments upon an instru- 
ment described by the Abb^ Vidal of Toulon, and called by him the 
EbuUioacope Aleckun^ique." 

The mstrument was designed for estimating the proportiim of 
alcohol in mixtures containing it^ and espeeiaUy in those wherein 
specific gravity gave false results^ in consequence of saccharine or 
saline bodies being held in solution, which so increased the spedfic 
grayity as often to disguise even large proportions of alcohoL 

Before going to the immediate subject of this paper, I may just 
mention the .condusioDs to which I came with regard to the instru- 
ment in question. Having been put before Mr. Bate (the maker 
of Sikea' hydrometer to the Excise and Customs) as an instrument 
likely to supersede the hydrometer, from the fact of its embracing 
indicationa which the hydrometer itself could not shew, while at the 
same time the ordinary indications of the latter were readily obtained 
by it, it became an object to test carefnlly its effectiveness. 

I found, as most persons will anticipate, that the first and greatest 
objection to the instrument was dependant on the fact of the boiling 



Digitized by Google 



OF MIXTURES OF ALCOHOL AND WATSA. 



225 



pcmit of ft liqiiid beiiig ao oonflidmbly infliieneed by the state of the 
barometer at the time of its examination. For^ as the latter is high, 
so will the point of ebullition be high in proportion^ and consequently 
the specifie gravity of the alcohol under examination appear lower 
than it should do* 

We examined^ at the time^ the difference in the boiLng points^ 
between the barometer points 29*1 and 30*1^ in several specimens of 
alcohol of different degrees of dilution ^ as examples from these I - 
may moitton Excise proofs in which^ for the one-inch pressure, 
there was a difference [of 1*4*^ temperature ; and in the case of 70 
under proof, (specific gravity 977*2), we found as much as 1*8° for 
the indi of difference. 

A second^ and great difficulty, especially to persons not much 
accustomed to chemical manipulation, as for instance, those using 
Excise instruments^ consists in the extreme care required to read off 
the degree indicated by the ebuUiosoope, just at the moment of the 
boiling of the liquid; for, if this be not done precisely at the proper 
time, evaporation of the spirit speedily takes place, rendering the 
specific gravity of the mixture very much higher than it was at the 
commencemqit of the examination. 

The instrument being now constructed under a patent in Iiondon, 
has induced the makers to bestow much care upon its construction, 
and consequently, to obviate the former evil by an adjustment upon 
the scale to be regulated by the height of the barometer. 

Buring the time I was engaged on this subject, Mr. Negretti, who 
had bestowed much care and thought upon the thermometers for the 
instrument, suggested that another instrument might be made 
in which the sources of error would be less, and wherein the nmple 
expansion of the spirit by a certain number of degrees of heat would 
effect the end of ebullition. From some experiments he shewed me, 
I was induced at once to undertske the examination of the subject 
with him. I had some hesitation as to whether the incomplete results 
We have already obtained were worth the attention of the Society, for I 
am not yet able, from various causes, to communicate the wh<de of 
our experiments, but am induced to bring forward that part of them 
relating to the expansion of spirits, not containing saccharine matter, 
frmn the feet of an article having appeared, describing an apparatus 
for the same purpose, and detailing some results obtained with it, 
whieh I do uot consider altogether correct ; at least, my own con* 
dnnons, based on most careful experiments, seem to contradict 
them. The article I allude to is by Silbermann, and appeared 
in the ''Gomptes Bendna*' for October 23, 1848; which, by the 

vol. II.— Ko. VII, ' • q 
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way, was tranBcribed into the January number of the 
''Chemical Gaiette/' 

I will now deseribe the inatrmnent we employed, as, 
npon inspection, it may seem a somewhat complicated one 
to effect an object which might be brought about in a 
tube similar to the common thermometer tube ; indeed, a 
thermometer bulb and tube on a large scale, fbnushed with 
a stopper below for the admission and adjustment of the 
sample of spirit, would very well answer the purpose* Our 
instrument consists of a couple of chambers connected by 
a set of tubes (see Fig. 1) ; from the upper chamber rises 
a tube and scsle, the former of as uniform bore as could 
be procured, and to the lower is attached a small atop- 
ooek. The form given to the instrument was adopted in 
order to afford as large a metallic surface as possible, so 
as to heat a badly-conducting fluid quickly and uniformly, 
and its parts were so shaped and put together that the 
free exit of any portions of air which might enter with 
the spirit by the stopcock was ensured. A thermometer 
was placed in the interior for shewing the temperature 
more correctly of the enclosed spirit 

This last is a point of some importance to the results 
afforded, and I may instance what I have frequently ob- 
aerred in taking the specific gravity of alcohoUc liquids and 
similar badly conducting fluids, vis. that a thermometer 
will often indicate a difference of a d^;ree or more m 
different parts of a thousand grain bottle, according to 
the manner in which the bottle has been filled. In using 
the instrument, our plan was to fill it slowly by gradual 
depression in a tall vessel containing the specimen for' 
examination. A slight shaking then sufficed to dislodge 
any air which might have been adherent to the -sides of 
the tubes, ftc, after which the zero point was carefully 
adjusted by means of the stopcock. This having been 
effected, the temperature of the whole was brought to 
F. by means of immersion in a large vessel of water at 
that temperature. It was then quickly plunged into a 
second vessel containing water at 9$^^ F., and agitated 
until the thermometer in the instrument incUcated this rise 
I of 80** F., when the expansion was carefully noted. 

The actual expansions are here, of course, not obeenred, 
' no allowance btnng made for that of the instrument itself, 
I which is considerable, and dimimshes^ by just its amount, 
i thst of its contents ; all that is here ascertained bemg the 
1) relative dilatation Of the several specimens of different 
specific gravity. 

Attention may here be drawn to the difference in the 
amount of expansbn for the same number of degrees 
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increase of temperature, when this increase is ia different parts o£ 
the thermometric scale. And again^ that this difference increases 
as the proportion of alcohol in a mixture is diminished. In the case 
of proof spirit, for example, I found that between 60^ and 90* F. an 
expansion indicated by a rise of 6*48 inches on the scale was ob- 
tained, while between 90^ and 120^ f. it increased to 6-84 inches. 

The most convenient tonperature operating was between 62^ 
and 92° F., and a number of specimens were first very carefully 
prepared, to agree with the indications of Sikes' hydrometer, or as 
nearly as possible to these. The spirits were allowed to stand 4B 
hours after ndxing before being subjected to expansion^ and the 
laboratory was kept as nearly as possible at 62^ F. 

We commenced with the examination of distilled water, (the 100 
point of Sikes)^ tiie water having been previously boiled, so as to 
expel any air contained in it. The stem and body of the instrument 
happened to be so proportioned as to give a rise of 1*47 inches for 
the 80° of difference of temperature; and the time occupied in 
thoroughly heating the water amounted (generally) to about one 
minute. As distilled water formed our starting point of comparison, 
we repeated the experiment with it several times with every possible 
care, but uniformly with the same results. 

Hie measurements of the expansions of the samples we examined, 
each ascending by 10^ of Sikes' hydrometerj are g^ven in the table 
below: 



Inches. 

90 under P. gave an increase of 1*72 

80 210 

69-9 269 

60 3-30 

50-1 3-96 

39-7 4-69 

80-1 . • . . . 5-32 

20 5-78 

10-7 6-18 

Proof 6-48 



The experiments upon this last and upon water, as also upon the 
specimen 70^ over proof, which I shall have to mention, were several 
times repeated, but the same amount of expansion was uniformly 
obtained. 

Then to pass to over-proof specimens. 

Q 2 
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70 
60-4 

49-5 
40-2 

30*2 
20-2 

0 1 



— P 



107 



20 



301 



39-7 



501 



60 



70 



— «o 



80 
90 

Heater ~ 100 



100 



-90 



80 



•7Q 



50 



— 40 



20 



10 



no. 8. 



rcent. 



•p.graT. 

atoa*. 



00- 



70- 



60- 



60 



40- 



so- 



lo 



811 - 70 



828-2 •-60-4 



847-7 - 49-5 



863-6 = 40-2 



- 878-4 - 30-2 



892*4 - 20-2 



906<3 -.10 

918-95 i- P 



931-2 -10-7 



941.4 « 20 

950*7 -30-1 



960 8 - 39 7 

966-6 - 60-1 

972 - 60 

977 2 - 70 



983 5 = 80 



990-6 «90 
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Inches. 

10 over P. rose to . . 6*72 

20-2 6-94- 

80-2 7-15 

40-2 7-43 

49-5 7-72 

60-4 8-03 

70 813 

We. stopped our examination at 70^ over proof. I have here 
constructed a scale, which, for distinctness, is divided mto two parts. 
In the first (Fig. 2), the assumed cxjumsiou of anhydrous alcohol 
for the 30° of increase of temperature between 62° and 92'^ is shewn. 
This space is divided into 100 equal parts, each part representing 
1 per cent, of alcohol; at the side are placed the expansions of 
specimens (each descending by IQP of Sikes') from anhydrous 
altoliol to water. The zero point (Fig. 1) has been omitted in the 
scales, to diminish their length ; it should be placed 1*47 inch below 
the first division, and represents the height to which the stem of the 
instrument was filled in each case, previous to expansion. iUcohol, 
of 70° over proof, consists of about 6 parts water to 94; of alcohol, so 
that in the construction of the table, this expansion of alcohol of 
70^ over P. has been divided into 94 equal parts, each division repre- 
senting 1 volume of alcohol ; to these 94, 6 divisions have been 
added to make up 100, thus completing the range between water and 
anhydrous alcohol. 

The second scale (Fig. 3) is similarly divided into 100 parts, and 
opposite these divisions, at Ihr ir proper points as to proportions of 
alcohol and water, arc ranged the several proof points examined^ 
with tbcir sjiccific p-ravity at 62^* F. 

On comparing tlie two tables, a gradual increase will be observed 
in the rate of expansion from some points, and a decrease from 
others ; and these amounts of increase and decrease do not m any 
way correspond to the relative quantities of alcohol and of water in 
the mixtures, but are totally independent of thera. 

Now from Silbennann's paper, you might be led to a very different 
conclusion, viz. to this: that the expansion takes place at a uniform 
rate of increase, corresponding to the increasing proportions of 
alcohol, for he says, "If a series of mixtures of alcohol and water be 
made, beadnning with water, 100 parts, alcohol 0; water 99, alcohol 1; 
water 98, alcohol 2 ; water 97, alcohol 3, &c. ; up to water 0, alcohol 
100 ; and their several points of elevation at the respective tempera- 
tures oS 25° and 50" (cent) be carefully marked on the tube^ a 
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complete centessimal akxiholometric scale will be prodnoed, wbich 
will indicate the quantity of alcohol contained in any mixture of 
alcohol and water by iotrodudng it at fi5P, and afterwards heating it 
up to 500." 

If the measoreinenta I have given arc compared^ it will be found that 
they are in an increasing ratio up to 40 under proof (which contains 
about 28 alcohol + 72 water) ; they then decrease somewhat rapidly 
to 30 over proof. A third change then takes place, and they 
again increase to 60 over proof. And lastly, they again decrease very 
rapidly to 70 over P.; and possibly to anhydrous alcohol, though from 
the various sources of error in observations on veiy strong alcohol, 
we did not use it above 70 over proof: that is to say, of a specifie 
gravity of 0-811 at 62^. 

Now, if all this be true, and I may state that every possible 
precaution was observed to ensure the Bccnracy of the experiments, it 
becomes a question to determine why these expansions do not take 
place just in the proportion of the alcohol contained in the respective 
mixtures, or, in other words, wliy certain regular variations in the 
rate of expansion take place about certain points in the scale. I 
beUeve the answer may be satisfactorily given in a few words ; 
namely, that the expansions depend on the existence of certain definite 
hydrates of alcohol, which hydrates are formed somewhere near the 
proportions at which these changes occur. 

In conclusion I must- repeat, that the experiments I have described 
were undertaken some two years since, and having been prevented 
carrying them fully out at the time, I did not intend to bring them 
before the Society until they had been brought into a much more 
definite form, by repeating them on mixtures containing alcohol in 
regularly increasing proportions ; but the appearance of the paper I 
have mentioned conqpels me to put them, incomplete as they are, 
into the form of a notice, hoping, as I do, to work the subject fully 
out, and having done so, to bring it again before the Members. 

I may mention that the instrument we have used, (or a more 
simple modification of it], affords a very ready and accurate means 
for the determination of the specific gravity of mch nuxtofes, and i^ 
I believe, much moee likely to be useful than the common g^ass 
hydrometer now so much employed for the purpose. 

The sensibility may, of course, be augmented by increasing the 
proportion of the chamber as compared with the tube, always taking 
care not to have the latter 80 small as to be infiuencol to any great 
extend by capillary action : again, by using a greater range or higher 
temperature : and, lastly, by making the chamber of such form and 
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material as ahall yield but little to ezpannoiij and eonfleqiiently 
exert a lemer inflaenee upon the ezpanaioa of the liquid contained 
in it. 

Mr. Negretti is now making the inatmment in a simple and 
inezpensiTe shape for such purposes. 



XXVI. — On some neto Acids contained in the Oil of the " Bnma 
LatifoUa" By T. F. Ha&dwick^ £sq.. Student in King's College, 
London* 

COMMUKIGATBO BT SB. MtLUEB. 

The rapid advances that have been made of late^ in that depart- 
ment of Organic Chemistry which embraces more particularly the 
constitution of the v^table (hIs and fats^ are too well known to need 
remark; it has been shown that not only does each of these bodies^ 
with few exceptions, contain a distinct and peculiar add, but that 
these different fatty acids are nearly allied in chemical constitution ; 
speaking generally^ they may be represented by the formula 

The object in undertaking the present inyestigation^ was to deter- 
mine the composition of one of these Tcgetable oils, the produce of 
''Bassia Latifolia from the results obtained, it appears that an add 
exists in this substance which has not hitherto been found elsewhere ; 
this add to whicb it is proposed to apply the name of ''Bassie 
add^' may be isdated with comparative facility. 

I am much indebted to Professor Boyle, for procuring me a spe* 
cimen of the Oil of Bassia in condderable quantity. The following 
particulars with regard to the tree from which it is obtained are 
gathered from his excellent Illustrations of Himalayan Botany/^ 

The Bassia Latifdia belongs to an important genus of plants, which 
are found along the central range of tiie Himalayan mountains, and 
in the northern and southern provinces of India« 

The most common spedes of this genus are the Bassia Latifolia and 
Longifoliaiy or Illupei tree, both of which are extremely valuable in an 
economical point dT view ; not only is thdr wood in much request as 
timber, but they yield parts usdul in medicine, and their fleshy 
berry^ike flowers are eaten by the natives. Those of the Bassia 
Iiatifolia, moreover, are subjected to fermentation, and a powerful and 
cheap spirit is distilled from them. The Oil is^ procured from the 
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seeds by expression^ tmd is nmeh used as a substttute for ooooa-nut 
oil^ in cookings and for making soap. 

The Bassia Butyracea of tlie Almora Hills is a qtecies less 
commonly met with; it is characterized by fdmishing a concrete 
oiI| of a white colour, and very delicate flavour; it is probably 
analogons to the shea, or butter tree, of Mnngo Park, which is 
described by him as closely resembling the Bassia Latifioilia. 

PBOPBKTIES OF THE ^'OIL OF BASSIA.'' 

Bassia oil is of a yellow colour, but is gradually bleached on ex]>osure 
to light ; it possesses a faint, though not disagreeable odour, and has 
somewhat the consistence and appearance generally of ordinary butter; 
its s]i(:cilic gravity is 0'958"; on the application of heat, it bei?ins 
to soften about 75*^ Fahr., and at 80*^ to 85'^ is almost entirely liquid. 
Alcohol, sp. gr. 0'840, hardly affects this oil; anhydrous alcolud 
dit-solves it sjiaringly, but deposits the whole, or the greater part, 
on cooinig ; it is abundantly soluble in ether, both hot and cold, 
and is saponified by potash or soda without difficulty. With 
regard to its chemical constitution, it may be briefly stated, that it 
contains a liquid acid, the oleic, in considerable quantity, and also 
two solid fatty acids of different melting points, which form the 
subject of the present paper. On distillation, it yields an abundance 
of acroleine, and, by the action of oxide of lead, a substance may be 
procured irom it, which has all the properties of glycerin. 

PREPARATION OF " BAS81C ACID.'* 

In the preparation of this acid, the oil was saponified by a 
weak solution of caustic soda, and the soap separated by common 
salt once or more in order to whiten it, it was then re-dissolved in 
water and decomposed by hydrochloric or tartaric acid. I found 
the latter of these the most efficacious, it separates the acid in a 
much shorter time, and does not render it yellow, which hydro- 
chloric acid is apt to do. The mixed fat^ acids, as thus ob- 
tained, were found to hare a fusing point of about ll2f^ Fahr. 
(44r&^C) } the fatty mass was next submitted to pressure, in order 
to separate as much of the oleic acid as could in that way be 
squeezed out, and the solid portion afterwards crystallized six or 
eight times from alcohol, to attain the same object more com- 
pletely. When the melting point has ri^rn as high as 135" (57^2^ C), 
it becomes quite constant, and as I found moreover that it was 
not in any way altered by the use of ooal-naphtha^ pyrbligneons 
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flpiiit, or rectified oil of terptsa^&ait, I wis at firat indoeed to ioppoae 
it to be a pure salMtanee ; thii however is not the cue. 

If the mixed adde, as obtained by ciyataUiiation ftom alecdiol 
of a meLtmg point 185®^ be repeatedly crystalliaed from ether, 
the mdting point rifles, rapidly at first, afterwards more slowly, 
imtil at length it becomes fixed at 159^ (70*5^ C), and is not affected 
by any farther treatment. I ibund that in this process two pounds 
of the oil yielded about eight ounces of mixed acids, free from oleic 
add, and rather more than half an ounce of the Bassic acid in a state 
of purity. 

Bassic add, as thus obtained, is a very white crystalline substance 
perfecdy tasUdesB and inodorous, it does not feel greasy and is eadly 
pulverised ; its solution in alcohol reddm litmus. 

By analysis with diromate of lead, it yidded the following 
numbers. 

I. 6 37 grains gave 1776 COa and 7 34 110 
II. 3 61 „ 10 09 CO, „ HO. 

which give in 100 parts : 

I. II. 

Carbon. • • . 76*04 76*22 

Hydrogen . . . 12'8 12*92 

Oiygen , . . 11*16 10*86 



100*00 100*00 

These analyses agree with the foriiiula O4. 

Atomic weigbt* Theaffetical per-ceotage. 

. . . 216 7606 

Hse . • . 86 12-78 

. . . 82 11*26 

284. 10000 



DISTILLATION OF BASSIC ACID. 

Bassic acid is volatile without change, if the heat be carefully 
regulated. I found the best way to effect the distillation was to im* 
merse the retort in a bath of fusible metal, or what answers as well, 
of tin and lead in the proportions to form plumber's solder ; the acid 
then distils over perfectly white, and so little decomposition takes 
place that the melting point is lowered no more than one or two 
degrees. If instead of the metal bath, the heat of a common lamp 
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lio ined^ dtk>tigli ihe ' distiUatioii appean to pxoeeed w befine, 
wifihoai mterraptioiiy yet on examinatioii^ the product will be found 
to oonsist almost entudy of liquid oarbo-liydrogenay with hardly a 
trace. <tf add ; to complete the pnxificationj the distillate is to he 
crystsllised a few times from alcohol, until the melting point rises 
to 169^, and afterwards its solution in ether allowed to evaporate 
spontaneously I by this means, the add is deposited in beautiful 
rhombic plates^ which are perfectly dear and transparent, and on 
one occadon were as mudi as i indi in the nde. The melting point 
of these crystals is exactly the same as that of the acid itself, with 
whidi the numbers they yield on analyds show them to he identical. 

3-54 grains gave 9*8 CO^ and 4*04 HO, 

which correspond to 

CentiamaUy. TheoretieaiL 
Carbon . . . 75-71 7G 06 

Hydrogen . . 12-71 12-78 
Oxygen . . 11*58 1126 

100-00 100*00 



BASSIATE OP POTASH. 

This salt may be formed by boiling the acid with a solution of 
carbonate of potash, and evaporating to dryness : on digesting the 
residue in strong alcohol^ the Bassiate of potash dissolves^ leaving 
behind the excess of carbonate, and may be procured pure by distilling, 
off the spirit ; — it is a white powder, having a soapy feel, and does not 
deliquesce on exposure to air ; with water it forms a gelatinous mass, 
bnt dissolves perfectly both in alcohol and ether; it crystallizes out 
on cooling, in innumerable small needles which cross each other in 
every direction, and when pressed and dried, have a glistening 
aspect j this crystallization is by far the most perfect from an 
ethereal solution, and in using the Bassiate of potash as a means 
of preparing the corresponding silver and baryta salts, by which the 
formula and atomic weight of the acid are to be determined, it is 
well to take advantage of it, and ensure the purity of the salt ; in 
this way traces of fatty matter are removed which still adhere to the 
acid, and wliicli, although not sufficient in quantity to affect its 
melting point, or the numbers it yields on analysis, may yet interfere 
with the determination of metallic silver, or of baryta j that this 
impurity does exist is shown by the acid itself, as well as by the potash 
salt prepared from it, giving a somewhat milky solution with alcohol, 
whilst the distilled acid or the orystaliised salt, are both perfectly 
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and entirely soluble. Perfectly pnre ether should not be used^ as 
the salt is almost insoluble in this, but ether containing alcohol 
in fluch proportion as to have a specific gravity of about 0*745 ; the 
rectified ether of the pharmacopoeia answers very welL 

BASSIATE OF SODA. 

This IS prepared in a similar way to the last mentioned salt ; it is 
white and hard, having altogether the appearance of a soap; it is 
scarcely at all affected by cold water, and difficultly soluble in warm j 
alcohol takes it up freely ; it does not however crystallize on coolings 
but forms a gelatinous mass, 

VASaiATB OF 6tLVEB« 

Bassiate of silver may be prepared by decomposing an alcoholic 
aolntion of pure^ crystalHaed, Bassiate of potash by nitrate of sOver ; 
it faUs as a curdy mass, which reqnirea very careful washing with 
distilled water, in order to firee it entirely from all traces of the pie- 
cipitant. When dry, it is a very loose and bulky powder, exhibiting 
no appearance of crystalline structure, and slowly darkening in colour 
on exposure to light. 

By snalysis^ the following results were obtained : 

I. 614 grains gave 12 32 CO^ and 5*06 HO 
11. 7-03 „ 1411 CO3 „ 5-7 HO 
in. 6-61 „ 18-83 COa „ 6-41 HO 

which give in 100 parts : 

I. II. III. 

Carbon . . 54-72 54*74 55 00 

Hydrogen . 916 901 909 

Oxygen and Silver . 86*12 86*25 35*91 



100*00 100*00 100-00 

I. 9*47 grains when ignited left 2-61 silver 
II. 12*47 „ 8*45 „ 

these correspond in 100 parts to : 

I. II. 

Silver .... 27*56 27*67 

and lead to the formula AgO^ H35 O3 

Atomic weight. Calculated. 

Cm . . . .216 65-24 

. . . .85 8*95 

O4 . . . .82 819 

Ag . . .108 27*62 

391 100*00 
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BASnAVB OF BABTTA, 

This salt is precipitated on dropping a solution of chloride of 
barium into an alcoholic solution of Bassiate of potash ; it is very 
white, not so bulky as the silver salt, and has a glistening semi- 
crystalline appearance ; it is insoluble both in alcohol and ether. 

It gave on analysis the following quantities : 

I. 6-17 grams gave 13*80 CO.^ and 5-43 HO 
II. 51 „ U'4ui COa and 4.66 HO 

which yield on 100 parts. 

I. IT. 

Carbon . , . 61 00 61 07 
Hydrogen ... 978 1002 
Oxygen and baiytft . 29*22 28-91 

100-00 10000 

I. 10 55 grains left on ignition 3 00 BaO CO, 
II. 16-24 4*65 BaO CO^ 

giving as the per-centage of baryta-^ 

I. II 
22*07 . . 22*21. 
The formula for the baryta salt of basaie add leqtiizes^ BaO^ 

^36 ^36 ^3* 

Atomic weight Cdenlaled. 

. . 216 . . 61*36 

. . 85 . . 9*94 

O, ; . 24 . . 6*88 

BaO . . 77 . . 21*87 



852 

BASSIATE OF LEAD. 



•mm 



Like the lead salts of the fatty acids generally, this salt is a lights 
white powder^ insoluble in water, alcohol, and ether; it is pro- 
cured by decomposing Bassiate of potash with acetate of lead. 



CHLORO-BA88IC ACID. 



If a constant stream of dried chlorine gas be passed through a 
portion of Bassic acid^ kept by a water-bath at a temperature of 
212^, an interesting series of changes takes place; the acid iir»t 
becomes very liquid, and almost as limpid as water, then, after 
remaining in this state for a short time, slowly and by degrees 
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it thickenS; until it gets viscid like ^m, and at length is entirely 
converted into a slightly yellow resmous looking body, which on 
cooling solidifies, and is easily piilverizable ; it is quite transparent, 
and has a well marked vitreous fracture. The action of the gas 
is slow, and must be continued for two or three weeks, until the 
vapour of hydrochloric acid gas is no longer perceptible, and a piece 
of moistened litmus paper is bleached by the excess of chlorine. 
By analysis it yielded the following numbers : 

I. 7-2 grains gave 912 CO, and 2-84 HO 
II. 6-90 „ 8-76 COa „ 2*74 HO 



on 100 parts : 

I. XI. 

Carbon 84*56 34*19 

Hydrogen 4*88 4*86 

Chlorine and oxygen 61*06 61*46 



10000 10000 



By igmting the acid with lime, dissolving the product in nitric 
acid, and precipitating with nitrate of silver, 

7*7 grams gave 17*84 Ag CI. 

equivalent to 

CUorine 57*16 per cent. 

These analyses agree with the formula : 

Atomic weight. Theoretical per-ceutage. 



Cgg 216 84-06 

fHae 26 410 

tClio 360 56-78 

82 506 



684 100-00 



It appears, therefore, tluit a substitution of a certain number of 
equivalents of chlorine for an equal number of liydi'ogeu has taken 
place, the general frame-work of the formula remaimug unaltered, 
and this view is further supported by an examination into the 
properties of the newly-formed substance. Not only is it acid to 
test paper, but it forms insoluble salts with lead^ baryta, kc, either 
of which may be formed by dissohiru; the aeid m alcohol, and 
dropping in a solution of acetate of lead, or of chloride of barium ; so 
again, if a small portion of the powdered acid be digested in a cold 
solution of carbonate of potash, it is (quickly saponified, forming a 
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white flocculcnt soap, almost insoluble in cold water, but easily 
dissolved by alcohol ; I quite failed however in every attempt at 
crystallizing this Chloro-bassiate of potash^ it seems perfectly 
amorphous, as indeed is llie acid itself. 

The following is a list of the compounds of bassic acid, that I hare 
hitherto examined. 

Bassic acid Cj^ H311 O4 

Bassiate of potash 
„ soda 

„ silver Cgg Hgg O4 
„ baryta C^e C,^ O4 jBa 
„ lead 

CUoro-baasie add {^f O4 

The analyses of these are quite conclusive as to the forniuln of the 
acicl, and prove it beyond a doubt to be a member of that series 
before alluded to, as characterized by cniitaining (CH)^ + O4, it 
stands immediately above Margaiic acid, which until recently, was 
the bi^^hest known. 

Myriatic aeid .... C^H^C)4 

4c ♦ « 

Palmitic add « . • . C32 Hgg O4 

Margaric « . . . . C34 O4 

Baasie . . Ggf O4 

« ♦ * 

« ♦ « 

Cerotic add, &c. . . . €54 O4 

TolatHity witlioat change is an important character of this series^ 
and oniS net found In any fatty acid that does not belong to it ; it 
baa been-diown tbat Baame acid is not only rolatile, but may by 
careful distillation be procured in a purer and more perfectly crys- 
taUme form than by any other method. It would be interesting 
to find whether or not the glycerin compound of this add could by 
any means be separated &om the original fat. I have not as yet 
succeeded in effecting this, but its actual presence may be easily 
demonstrated by boihng out a portion of the oil with alcohol for a 
considerable time, in order to remove the liquid oleine as far as may 
be : on cooling, crystals will be found scattered about here and there 
in globular masses ; they are harder and more white than the 
surrounding fat, and have a higher melting point. 
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BASSIA ACID OF LOW£A MELTING POINT. 

I now proceed to give m detail the course pursued with regard 
to that portion of the mixed adds^ melting at 135^^ from which the 
Baane acid had heen in a measure separated. 

The treatment with ether was continued as before, but with this 
important variation firom the original arrangement, that the different 
crops of crystals as they were successively formed, were rejected, and 
the sedation retained ; the object being to remove, by degrees, the 
whole of the Basnc acid in virtue of its inferior degree of solubihty. 
VHien the melting point of the acid which crystalHzes out becomes 
fixed, it is evident tiiat nothing further will be gained by continuing 
the process, and therefore what remains of the ethereal solution may 
be evaporated in order to procure the acid it contains in a solid form. 
The melting point of this compound ranges between 129® and 13P 
(54®—- 55^ C.)j but is easily affected by the action of caustic alkalies 
and also of aloohol ; this indicates the presence of small quantities of 
&tty matter and oleic acid^ both of which being extremely soluble 
in ether, would of necessity be left in the last mother liquor. I 
fonnd that the only way to remove these impurities effectually, was 
to submit the whole to distillation^ which as before, must be cm- 
ducted in a metal bath in order to equalise the distribution of heat ; 
the distillate when £reed from liquid earbo*hydrogens by alcohol, haa 
a fusing point of 132® to and is the desired add in as pure a 
state aa I have been able to procure it. 

With regard to the properties of this substance it is not so per- 
ceptibly crystalline in its stmetuie as Bassie add, but mm homo- 
geneouB and wax-like ; if a drop of its solution in alcohol be allowed 
to evaporate, or a small portion of the add itself be melted over the 
surface of a glass plate, so as to form a thin film, it presents on 
solidifying, the curious appearance of a series of concentric rings, 
which may not unaptly be compared irith a section of bone under 
tiie mierosGope. These characteristic rings are observed both before 
and after distillation, and also in the mixed adds of 135® melting 
point, but disappear in the Basaic acid, as it approadies to a state 
of purity; an ethereal solution of this add, on spontaneous evapo- 
ration, d^odts it in warty and granular masses, which melt as 
before, between 132® and IW. With the various metallic oxides 
it toemM salts, all of which may be formed in a similar manner to 
the corresponding compounds of Basde add ; the sslt of potash is 
soluble boiih In sleohol snd ether, and crystalliseB from the latter 
solvent, in tufts of needles much resembling the crystallized Bassiate 
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of potash I tbeae needle-like eryitals when deeompceed by tartaric 
acid, yield a product melting as before at 182^ to 184^$ the baryta 
and lead aalts are both quite inioliible. 
By analysis the following numbers were obtained ; 

I. 4-4 grains gave 12 01 COj and 5 01 IIO 
II. 4-69 grains gave 12 83 COj and 5 44 HO 



or in 100 parts : 

I. II. 

Carbon 74*44 74*61 

Hydrogen 12*65 12*65 

Qjcygen 12*91 12*74 



10000 100*00 



The salver salt prepared by the action of nitrate of silver on the 
eryataUiied potash salt yielded as follows : 

I. 5-99 grains ,c?ave 11-81 CO^ and 4-72 HO 
IL 5*96 grams gave 11*7 CO, and 4*69 HO 

in 100 parts: 

I. n. 

Carbon 58*77 58*54 

Hydrogen 8*76 8*74 

Oxygen and flilTer - 87*48 87*72 

100-00 100-00 

By ignition^ 

I. 10' 11 grams gave 2'94 metallic silver 

II. 14*44 grains gave 4*23 metallic silver 

oentesimally represented : 

!• II. 

Silver 29*08 29*29 

These analyses correspond somewhat with the formula for Palmitic 
acid Cjji Hgg 0^, which requires, in 100 parts : 

Carbon . « 75-00 
Hydrogen . 12*50 
Oxygen . 12-50 

100.00 

The silver salt of the same add requires : 
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Carbon . • 52*89 

Hydrogen . • 8*54 

Oxygen . « 8*87 

Silver. . . 29*70 



10000 

Both the melting point of the acid itielf, however^ and its pro- 
perties in general^ quite disproTe the idea of its identity with Palmitic 
add. The most prohable view of the ease seems to me that the 
true formula of the add is "R^ intermediate in the series 
between Myristic and Palmitic acids^ and that m portion of Basaic 
acid ia still present as an impurity^ the variation occasionally 
observed in the melting point strengthens this assumption, but, 
after a careful study of the various salts formed by tUs add^ I 
have been as yet unable to effect any farther purification or sepa^ 
ration of Bessie acid than that above detailed. 



XXVIL — Reiearehet on Siryehnine. 

By E. C. Nicholson and F. A. Abel. 

SKNIOR ASSISTANTS AT THb ROY AX. COLLKGS OF CHEMISTRY. 

I. — ON THB COMPOSITION OF STBTCHNINS AND OF ITS SALTS. 

lu his researches on the .iDiline series, Dr. llofmami communi- 
cated some cxperiiiicnts upon the action of iodine on aniline,* which 
terminated in the formation of iodaniHne, a substitution -product, 
possessmg, like chloramline and bronianiline, the basic character of 
the original atom. Incidentally to this investi<;ation, Dr. Hofmann 
recalls the experiments upon the action of iodine on various natural 
alkaloids, which had been formerly undertaken, ami had led to very 
different results. It was upon this ground tliat he invited ua to 
subject the results of former encjuiries to a new examination. 

Various chemists have examined the behaviour of iodine with 
organic alkaloids. Pellet ierf obtained by the action of this element 
on strychnine, brucine, cinehonine, quinine, morphine, and codeine, 
a series of substances, the study of winch led him to the conclusion 
that they were compounds of the original bases, with one or two 
equivalents of iodine, corresponding to the compounds of ammonia 

* Mem. CShem. Soe. Londim, VoL ni. pw 269. 
t liebjg'i Aniudimi Vol. xxii. p. 113. 

VOL. 11 .^NO. Yll. K 
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with that element. His results^ with reference to bnicine and strych* 
nine at least, have heen subsequently confirmed by Regnault.* 

A similar class of compounds has been produced by Bouchardat^t 
who studied the action of iodine upon the salts of strychnine. He 
considered these substances to be the hydriodittcs combined with more 
or less iodine^ analogous to the iodinated iodides of potassium and 
ammonium. 

Among the various compounds elicited in these several inTestig»> 
titms, those, of strychnine appeared to be the most definite. This 
circumstance^ as well as the facility with which both strychnine and 
its salts may be obtained in a state el perfect purity^ induced us to 
select this body for our experiments. 

We succeeded without difficulty in preparing the iodinated com- 
pounds described by Pelletier ; on submitting, howe?er> several of 
these substances to analysis, the quantities of carbon and hydrogen 
founds were invariably below the theoretical numbers of the formulsey 
calculated from the generally adopted composition of strychnine. 
Convinced by the constancy of our results, obtained with a variety of 
preparations, of the definite nature of the compounds, we were com- 
pelled to seek for the cause of the defidency in the composition of 
strychnine itself. 

This substance has been analysed successfully by laebig^ Begnault 
and Gerhardt, whose numbers ^culated according to the new equiy> 
alents carbon and hydrogen, are appended in the following table^ 
together with the formuks deduced by these chemists from their 
results. 





Liebig. 


Reg;nault. 


Gerbardt. 


Carbon . . 
Hydrogen . 
Nitvogon • 
Oxygen • • 




C« H23 N3 O4II 


C« H^ N, 04 


Theoiy. 

70-92 
6-83 
60O 


ExperinMnt. 

75-62 
6-68 
ft-70 


Theory. 

75-8C 
6-60 
6*04 

11*50 


Theory 

75G6 
6-74 
8*21 
9*39 


Experimmt. 


Theoiy 

75-86 
6.89 
8-06 
919 


Expt. 

75-54 
6-99 
8-10 


I. 


II. 


III. 


74-69 
6-86 
8'43 


74-96 
6-69 
8'46 


74-63 
6-89 


loooa 


^ 1 10(MM 


10000 








lOOHW 





* Liebig's Atinnlrn, Vol. XXIX 58. 

f Comptes rendus, T. ix. 475. 
. X Liebig'8 ^nnalen. V. xxvi. p. 17. § Idem. V. xxvi. p. 58. || Idem. V. xxvi. p. 18. 

f Tnili de Chimie otganiqiifi, pur If. Liehig, tradnit par H*Gcx1i»dt, voL 11. p. 064. 
EedMrehcs surU C3awifleatkm Chfaniqpt de» wibstiacw orgniqoiSr ptrlC Gcrhardt, 
page 49. 
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Besides the ebo? e» other £»niifda have been quoted at different 
periods. Liebig,* from a detenmnatioii of platmum in the double 
salt of bichloride of platinum and strychnine^ has corrected Begnanlt's 
formula to 

C44 H23 Nj O4. 

Subsequently Begnault in a letter to Liebigt has proposed the 
formula, 

finding it agree better with the equivalent obtained from Liebig's 
platinum-determination^ and with his own analysis of the hydrio- 
date, than the above corrected formula. Gerhardt, in hia trans- 
lation of Liebig's Organic Chemistry, has likewise made several 
statements respecting the composition of this alkaloid. After having 
declared himself in favour of the formula referred to in Regnault^s 
letter to Liebigt^ he Anally adopts the oppression quoted in the above 
table§. 

The difficulty of arriving at any conclusion as to the correct 
formula of strychnine from such contradictory statements, induced 
us to repeat the analysis of this body. A sim^^e determination of 
the elements appeared to be of little assistance in the construction of 
the formula, if we consider that the different expressions above 
quoted, with the exception of Liebig's first, are principally based 
upon analyses, exhibiting no greater discrepsncies tlian about four 
tenths of a per-cent in the carbon and hydrogen. Hence it became 
necessary to control the results by an extensive examination of the 
salts of this base, and also by a careful study of its products of 
decomposition. In this paper it is our intention to detail the analysis ^ 
of strychnine and a number of its compounds, reserving for a future 
communication a description of the products of substitution and 
decomposition. 

The strychnine employed in our experiments, obtained from the 
laboratory of Mr. E. Merck, of Darmstadt, was crystallized in 
beautiful four-sided prisms, requiring but one lecryatallization from 
dilute spirits to render it absolutely pure. 

AnakfsU of stryckmne* — ^The combustion of strychnine in the 
ordinary manner did not present any difficulties ; in fact^ we found, 
contrary to the statements of many chemists, that this base and its 
salts bum with the greatest facility. 

* Liebig's Annalen, Vol. xxvi. 57. t Idem. Vol. xxix. 58. 

t Gerhsrdl*! trtualation of UeUg's TjratU de Chimie orgaaique, Vol. 11. p. 558. 

1 Idem. Vol. 11. p. 664. 

k2 
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L 0*2947 gnn. of Babatancs bnmt mth axide of oopper gave: 

0*8143 „ „ carbonic acid> and 

01817 water. 
II. 0-8179 „ substance gave : 

0-8783 „ „ carbonic acidj and 

01935 

III. 0-4145 „ „ substance gave: 
0*2462 ^ „ water. 

IV. 0-4038 „ „ substance burnt widi chromate of lead and 

chlorate of potash yielded : 

1*1172 „ M carbonic acid^ and 

0*2420 „ „ water, 
y. 0-6015 „ „ substance burnt with soda-limCi gave t 

0*3616 „ „ platinum. 
VI. 0*6043 „ „ substance gave : 

46* C.C. of moist nitrogen. Bar. 759*«-4', Therm. 18® C. 

Fer-ceutage composition : 

I. II. ni. IV. V. Ti. 

. Carbon . . . 75*35 75*84 — 75-45 — — 
Hydrogen , . 6*85 6*76 6*59 6*65 — — 
Nitrogen . . — . — — — 8*52 8*81 

These numbers agree better with the formula : 

C42 Ng O4 

than any other proposed, as the following comparison with the 
. theoretical numbers will show : 



Theory. Mean of ezpt. 



42 cquivs. of Carbon . 
22 

fj ft Hydrogen 
2 „ „ Nitrogen . 
4 „ „ Oxygen . 



253 


75-44 


75-38 


22 


6-58 


6-71 


28 


8-38 


8-66 


32 


9-60 




334 


100 00 





1 „ „ Strychnine 

In order to prove the accuracy of the above determinations^ and for 
the control of the formula derived therefrom, we submitted the 
double compound of stiychnine with bichloride of platinum, 
tercbloride of gold and protochloride of palladium to a careful 
analysis with reference to their metallic elements. The mean of 
these analyses, which we shall hereafter give in detail, lead to an 
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expression closely corresponding with the equivalent of strychnine 
when represented by the above formula : 

Equivalent deduced from the mean of ten dctcrmmations 

of platmum .... 337*1 
Equivalent deduced from the mean of three determinations 



of gold 



331-6 



Equivalent deduced from the mean of two determinations 

of palladium .... 338-0 



Mean . 

Theoretical equivalent 



835*5 
334K) 



SALTS OP ST&TCHNINE. 

The characters of many of the compounds of strychnine are enume- 
rated in most chemical manuals. Of these we shall merely give the 
analytical results^ confining ourselves to a description of such salts 
only as have not previously been fully examined. 

Hydrochlorate of Strychnine. — This salt is formed by dissolving 
strychnine in hydrochbric acid. Two crystaUisations from water 
render it perfectly pure. It is neutral to t^t paper. 



I. 0-2701 
0-6701 
OlGll 
11. 0-3351 
0-83 19 
0-1881 

III. 0-5912 
0-2280 

IV. 0-1733 
U-0G71 

Y. 0-COGO 



00445 
VI. 0-3985 

0-0280 



11 of substance gave : 
carbouic acid and 



if 



water. 



substance gave : 
carbonic acid and 



if 



water. 



„ substance gave : 
chloride of silver. 



„ substance gave : 
„ chloride of silver. 

jy substuTice exposed m au air-bath to a temperature 
of 120' lost 



a 



water. 



„ exposed to the same temperature lost 
„ water. 

which numbers correspond to the following per-centage composition : 

I. ir. m. IV. V. VI. 

Carbon. . 67-G9 07-95 — — — — 

Hydrogen . 6-68 628 — — — — 

Chlorine . — — 9-54 9-67 — — 

Water. . — — — — 7*33 70% 
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leading to the fonuuki, 

for the salt dried at 100^ C. and for the crystallised salt : 

C4. II,. ^2 H CI + 3 aq. 
as may be seen by the loliowing comparison, to which we annex the 
results obtamed by Regnault'i' and Gerhardt*t 

A.&N. 

Theory. M«in. Begmiilt. OedianUL 

42 equiv. of Carbon . . 2r^^A)i) 68*01 67 82 67*82 65-08 

23 „ „ HyJiogen . 23 00 6 20 6*43 6*75 6*94 

2 „ „ Nitrogen. . 28-00 7-56 — — — 

4 „ „ Oxygen . . 32-00 8-65 — — — 

1 „ „ Chiorme. . 3;; 50 9*58 9 55 9 81 — 



1 



8 „ „ Water . • 27-00 6 79 M7 — — 

1 eqniv* of crystaliised salt 897*60 

Gcrhardt has also determined the amount of water in this salt, 
and finds that it contains two atoms, wiiich are only expelled on 
exposing the salt to a temperature of 160* C. Contrary to this 
statement we have found this salt, as well as the hydriodate, bydro- 
bromate, sulphates and phosi)l3ates, to lose the whole of their water 
of crystallization on exposure over sulphuric acid in vacuo. 

Hydrobromate of strychnine, produced by dissolving strychnine 
in hydrobromic acid, and crystaUizing from water : 

I. 0 2288 gnn. of substance gave : 
0-5104 „ carbonic add, and 
0-1154 „ water. 
II. 0-6218 „ substance yielded : 
0*2802 

» M bromide of silver. 

In 100 parts : 

I. II. 
Carbon .... 60*83 — 
Hydrogen . . . 5*60 — 
Bromine ... — 18*69 

* Amalen* V. 26, P. 30. 

t Bedierdies iiir la Gaavficatum Chimiqne, etc., par M. 6eiiiacdl» p. 91. 
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leading to the fonniila ; 

u 18 seen by the following oompaiison : 







Bxpi 






60-97 


60-83 






5-56 


5*60 






6-78 








7-7G 








18*93 


18-69 



1 „ ^ Hydrobromate of stryclmine 413.26 100*00 

Hydriodaie of Birychmne is prepared in a similai- manner to the 

bydrocblorate. This is one of the most insoluble salts of sti yLlmine. 
In purifying it, the excess of hydriodic acid should be rajudly 
removed by washing, otherwise, when the salt is LxjKJsed to the an, 
products of decomposition are formed, wkiciL we sUaii uotice m our 
fiiture communication. 

I. D-32G9 grm. of aabatance gave : 
0*6546 „ carbonic acid, and 



0-1482 
II. 0-3294 
0-6595 

0-1 1«9 
UI. 0-17o6 

IV. 0-3576 
0-1808 

Fer-centi^B obtained : 



» 
ft 



water. 

substance gaye : 
carbonic add, and 

water. 

Bubstancc gave : 
iodide of ailver. 
aubstance gave ; 
iodide of ailver. 



I. II. III. IV. 

Carbon . . . 54*61 51-60 — — 

Hydrogen . . 6*03 5 02 — ~ 

Iodine ... — — 27 00 27*24 

agreeing with the formtda : 

C^g H22 O49 H I 

aa is shown by the following eompariaon (together with Begnanlt'a 
analyaia of thia aalt) : 
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42 equivs. of Carbon . 
28 „ „ Hydrogen 
2 „ „ Nitrogen 
4 „ „ Oxygen . 
1 i, Iodine 



Theory. 

252 00 54-62 

2300 4*98 

2800 607 

32*00 6-95 

126-36 27*38 



A. & N. mean. 

54*60 
502 



65*08 



27-12 2612 



Hydriodate of 1 

' ■ 5 



461.36 10000 



atrydmine 

Hydrosulphocyanate of strychnine. — This salt has recently been 
desenbed in a memoir by DoUfus*, who, at the instigation of 
Professor Will, availed himself of the insolubility of sulphocyaimie 
of silver for the determination of the equivalents of several organic 
bases; we have li]vr\\i c investigated this salt. Our analyses 
made with two d liferent specimens, slightly differ from the results 
obtained by Dollfus; the equivalent, derived from our determinations, 
of the hydrosulphocyanic acid^ nearly comcides with the calculated 
number. 

Stryclmine being very difficultly soluble in water, a direct determi- 
nation was made of it in this salt ; by precipitating with ammonia, 
collecting on a tared filter, washing and drying at 100° C, a 
tolerably accurate result was obtained. We availed ourselves of this 
method in the analysis of several other salts of strychnine* 

Analysis of the hydrosulphocyanate : 

I. 0*8704 gm. of substance gave : 



0*9090 
01975 
II. 0*2898 
0*1013 
m. 0-5377 
0-2260 
0*4563 

In 100 parts : 



$9 



9* 



n 99 
99 99 
99 99 



carbonic acidj and 
water. 

substance gave: 
sulphocyanide of silver, 
substance gave : 
sulphocyanide of nlver, 
stiyclmine. 



I. 
66-98 



II. 



Carbon 

Hydrogen 5-92 

Hydrosulphocyanic acid » 

Strychnine .... — 



15-90 



III. 



14*93 

84-86 



* Liebig's AnoaLen, Vol. lxt. p. 212. 
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Conespoiiding to the formula : 

Haj O4, H Cy 

BB may be seen by the following compaiisonj wbieh is accompanied 
by tbe numben obtained by DoSfus : 

Theoiy. k, ft K. Donfiu. 



44 equivs. of Carbon • 
28 

u n Hydrogen 
8 ^ Nitrogen. 
4 » « Oxygen • 
2 M Snlpbur • 



264 67 17 66-93 67-70 

23 5 85 5-92 6*89 

42 10-68 — — 

32 H-15 — — 

82 815 — — 



1 Hyclrosulpbocyanate 1 

of strychnine • J 




A.ftN. DoUfiif. 



1 equif of Strychnine .... 834 84-98 84*86 — 
1 „ „ Hydroaulphocyanic acid HO 15 02 14 90 14*45 

393 100-00 99-92 

The equivalent of strychnine derived from the above analyses^ ia 
as foUows : 

I. II. 

Equivalent deduced from the determination of 1 «o^.q 336- 1 
hydrosnlphocyanic acid J 

Mean 335*7 

Theoretical equivalent 834*0 

Neutridtu^haie of strychnine* — ^This salt is prepared by satnrating 
dilate snlphnric acid with finely powdered strychnine^ it crystallises 
in large fonr-sided prisms^ which are neutral to test-paper. 

I. 0'290") grm. of substance gave : 
0-6996 „ carbonic acid, and 

0*1615 „ ^, water. 
II. 0-3889 substance gave : 

0-1184 „ sulpliate oi bar) ta. 

Fer-centage obtained : 

I. !!• 

Carbon 65-68 — 

Hydrogen • 6*17 — 

Hydrate of sulphuric acid • . — * 12*79 
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These numbers conespond to the formiik: 

C« H« N, 0^ H S0« 

as is seen by the following comparisoBj to which we append Eegnault'a* 
analysis of this salt : 

Theory. A. A N. Begnaalt 



42 equiv. of Carbon. , 
23 

» n Hydrogen 
2 „ „ Nitrogen , 
8 „ « Oxygen 
1 „ Suipiiur , 



252 65 80 65-68 65*34 

23 601 617 610 

28 7-31 — — 

64 16-71 — — 

16 417 — — 



„ y, Neutral sQlphate of 1 ago 
stryehnine • • J 




Bxperiment. 



1 eqriiv. of Strychnine .... 834 87'22 — 
1 „ „ Hydrated sulphuric add 49 12*78 12*79 

883 100*00 

Acid sulphate of sirychmne is forniod by adding diluted sulphuric 
acid to the preceding salt ; it crystaliizes in long thui needles and 
is very arid to test-paper. The analyses were made with matehaifrom 
two diit'erent preparations : 

I. 0*3589 grm. of sulphate yielded : 
0*7729 „ „ carbonic acid, and 
0*1885 water. 
II. 0*3071 „ substance gave : 
0*1642 ,f sulphate oi baryta. 

In 100 parts: 

X. II. 

Carbon 58*73 — 

Hydrogen 5*88 — 

Hydrate of snlphnrie aeid . . 22*46 

The following comparison shows this salt to corre^nd to the 
formuh^ 

C«| H^ Ns O4, H H SO4 

* Liebig's Aiwalent VoL xxvi. p. 33. 
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Theory. 




42 equi vs, of C a r b on 


. 252 58' 88 
, 24 5-56 
. 28 6-48 
96 22 22 
. 22 7-41 


5873 
6*83 


1 equiv. of Acid sulphate of stryclmine 


. 482 100-00 


— 




Theory. 


Experiment, 


1 eqniv. of Strychiime «... 
% eqnivs. of Hydrated Bnlphniie add 


834 77*80 
98 22-70 


22*46 



482 100*00 

The small excess of carbon and hydrogen, and the deficiency of 
sulphuric acid in the above analyses, arises from the presence of a 
little neutral sulphate in the substance employed for the determi- 
nations, it beinpr exceedingly difficult to separate this salt completely 
firom the acid siilj)li:itc. 

Nitrate of strijchnine, — On gently heating finely powdered strych- 
nine in nitric acid, diluted until it is but feebly acid to the taste, the 
base is dissolved ; the solution, while cooling, deposits beautiful 
colourless needles of nitrate of str\'c]mine. If the nitric acid be 
employed too concentrated, the solution assumes a yellow colour 
immediately on the a])piication of heat, and the compound produced is 
no longer a salt of strychnine, but the nitrate of a base containing 
the elements of hyponitnc acid in place of hydrogen, which we shall 
more minutely describe hereafter. The existence of an acid nitrate 
of strychnine is mentioned m " Liebig's Traite dc Chimie Organique," 
we have not been able to prepare this compound ; it is very probable 
that the formation of the nitro-base just mentioned^ has given rise to 
the assumption of an acid nitrate. 

0*8168 gpm* of this salt gave, on combuation, 
0*7866 ,f earbonie aeid, and 
0*1668 w ,1 water 

in 100 parta : 

Carbon Go 10 

Hydrogen 5*85 

corresponding to the formula, 

Hgg JNa O4, H NOe, 
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as may be seen from the following compansouj aonezed to which we 
give an analysis of this salt by Eegnault* : 

Theory.' •A.&N. Bagnmlt. 



42 equivB. of Carbon. 
23 

8 „ „ Nitrogea 
10 „ „ Oxygea. 




63-40 63-10 
5-85 5-89 



1 equiv. of Nitrate of strychnine 897 lOO'OO 

Chromate of strychnine is formed as a yellowish-brown precipitate 
when a solution of neutral chromate of potash is added to hydio« 
chlorate of strychnine. The precipitate, freed from the mother-liquor, 
is soluble in boilmg water; on cooling the solutioa deposits the salt 
in beautiful lemon-yellow needles, which are difficultly soluble in 
water and alcohol, neutral to test-paper and may be dried at 100^ C. 
(212° F.). A bichromate also ^sts; we have not, however, submitted 
it to snalysis : 

0*3037 gnu. of chromate gave : 
0*0613 „ sesquioxide of chromium. 

corresponding to 

Hydrate of chromic acid 15*34 per cent, 

which, by comparison with the theoretical numbers, will lead to 
the formula, 

iijjj 0^ II Cr O4 

Theory. £xpt. 

1 iBquiv. of Strychnbie . . 834*00 84*58 — 
1 „ „ Hydrate of chromic acid 61*16 15*47 15*84 

1 equiv. of Chromate of strychnine 395*15 100*00 

NevUral oxdSate of strychimne. — This salt is produced by neutra- 
lizing oxalic acid with strychnine, it is neutral to test-paper : 

0*4731 grm. of substance gave by the method above described ; 
0*4162 „ „ strychnine : 
0*0624 „ ,, carbonate of lime. 

equal in 100 parts to 

Strychnine . 87*98 
Hydrate of oxalic acid 11*86 

* Laebi^'s Aonaleii, Vol. xxvi. p. 35. 
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leading to the formula : 

H^, N, 0„ II C3 0, 

as a compaiiflon with the theoretical numbers shows : 

Theorjr. Sxpcrinimti. 

1 eqiiiv. of Strychnine . . , 834 8813 87 98 
1 „ Hydrate of oxalic acid . 45 11*87 11*86 

1 equiv. of neutral oxalate of strychnine 379 100*00 

Aad oxalate qf itryehnme, — An excess of oxalic acid, added to 
the preceding salt^ yields this substance which is possessed of an 
acid zeactbn : 

0*2610 gnn. of substance gave : 
0-205 1 „ strychnine, and 
0 0604! „ ui carbouaLe of lime. 

affording on 100 parts : 

Strychnine. . . 7869 
Hydrate of oxalic acid . 20*82 

The following comparison proves the correct formula for this salt 
to be 

H„ Nj O4, HCa HCg O4 

TheoTj. Experinnent 

1 eqw* of Strychnine . . , 384 78*77 78 69 

2 equim of Hydrate of oxalic acid . 90 21*23 20 82 

1 equiv. of acid oxalate of strychnine 424 100*00 

Acid tartrate 0/ strychnine. — On dissolving strychnine in excess of 
tartaric acid, this compound is formed, crystallizing in needles which 
are acid to test-paper. 

1. 0*4225 grm. of substance ^ave : 

0*2904 „ „ strv'clinine, or 68* 73 per cent. 
11. 0*2222 „ „ substance gave : 

0*1527 i, strychnine^ or 68*74 per cent. 

these numbers lead to the formula, 

C^j Ng O4, Hj Cfi H4 O^j 

which will be found, on comparison, to correspond sufficiently with 
the theoretical per-centage : 
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Theory Man* 

1 equiv. of Strychnine . . 334 69*00 68 735 

1 „ „ Hydrate of tartaiic acid 150 3100 — 

1 equiv. of acid tartrate of strychnine 484 lOO'OO 

Neutral tartrate of strychnine is formed by dissolving •kryoknine 
in a solutioii of the above salt. It is xMutral to test-paper. 

0*4416 gnu. of substance yielded : 

0*3595 „ u atrychninei or 81*40 per cent, leading 

to tihe fofmda^ 

2 (C42 N2 OJ 113 Cg 
as is seen by the following comparison : • 

Th^ry. Experiment. 

4 » 

2 eqnim of Stxyehnine . . 668 81*66 81*40 
1 eqiUT. of Hydrate of tsrtaric acid 150 18*84 ^ 

1 equiv. n^tral tartrate of strychnine 818 100 00 

We endeavoured to form a compound of potash^ strychnine, and 
tartaric add, by boiling s^jrdmme in an aqneons solntion of acid 
tartrate of potash, we found, however, that no double salt was 
formed, but that the results were neutral tartrate of potash, and add 
tartrate of strydiiune, as may be seen by the following equation: 

2 vK i 1 T) + C,, N2 O4 = K2, f + (H, C^. N. O,) H,f . 

The numbers mentioned under II. at the acid tartrate of strychnine, 
refer to a salt procured in this manner. 

HydrochLorate of stryc/nune and bichloride of platinum. — This 
compound is produced by the addition of bichloride of platinum to a 
solution of strychnine in hydrochloric acid as a yellowish-wlnte 
precipitate nearly insoluble in water and ether, and difficultly soluble 
in boiling dilute spirit, from which solution it crystallizes in beautiful 
plates similar in appearance to mosaic gold. 

This compound is soluble in concentrated nitric acid, giving rise to 
a new platinum salt, which we shall hereafter refer to. The following 
determinations were all made with material from different prepara- 
tions, and dried at 100'^ G. (212^ F.}, at which temperatuie this 
compound retaius no water. 

L 0*2850 grm of substance gave : 
O IH/ I „ „ carbonic add, and 
01157 ,, water. 
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I. 

C. 46-64 
H. 4-51 
Pt. — 



0-7205 
01660 
ni. 0-7252 
01312 
IV. 0-6854 
01 2 it 
V. 0 6053 
OllOO 
VI. 0-4018 
0-0897 
VII. 0-5084 
00918 
VIII. 0 7479 
01365 
IX. 0-3122 
0 0567 
X. 0-3146 
00573 
XI. 0-4432 
00809 
XII. 11B71 
0-2104 
ooopoiitioii. 
m. IT. 



n. 

46-72 
4-22 
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substance srave : 




9i 


platinum. 


» 


i) 


substance gave : 


» 


)) 


platinum. 


a 


>i 


substance gave : 


)i 


it 


platinum. 


a 


it 


sabstance gave : 




W 


platuwDH. 


T. 


Ti. Til. Till, nc 



XL xn. 



— — 18-09 1815 1816 18-23 1805 18-22 18.16 18-21 18.25 18-18 

leading to the formula : 

C43 N2 O4 HCl, PtCla 
88 may be seen from the following comparison with the theoretical 
nnmbers^ to which we append the analyaea of Liebig* and Qerhardtif 







of Carbon . 


Theory. 

, ^ ^ 


A. &N. 

Mean. 


Mean 
Liebtg. 


Gerhardt. 


42 


equiys. 


. 252-00 46-65 


46-69 






23 


it 


„ Hydrogen 


. 23-00 4-26 


4-44 






2 


a 


„ Nitrogen 


. 28-00 5-18 








4 


it 


a Oxygen . 


. 3200 5-93 








8 


if 


,^ Chlorine 


. 106-50 19-72 








1 


equiv. 


„ Platinum 


. 98*68 18-26 


18-16 


17*84 


17*85 



1 eqniT. of hydrochlorate 
of strychnine and 
chloride of platinum 



atel 
bi-l 
m J 



54018 10000 



ra Annaleo, t. 26, p. S7. 
t Qiirififiittoii GUtni^iie dea Snbatenwa Qigasiqiieif pir H. Geriiardftp p. 51. 
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Ltebig'a beautiful method of determining the equivalents of 
organic bases from the double oompounda of the hydrochlorates with 
bichloride of platinum, ia the most precise and elegant mode that 
could poasibly have been imagined. The analyaia^ neverthdeaa^ 
if not conducted with sufficient care, may give rise to an erroneous 
expression. When only two or three hundred milligrammes of 
Bobatance are at the experimentor'a command, an error of 1 or 2 
milligrammes in the weight of the metal will give riae to a difference 
of from four to six tenths of a per-cent, which must materially affect 
the formula for the substance. In three determinations, made by 
Liebig» we perceive a difference of four tenths of a per-cent; in 
two cases he obtained 17*7, and in the third 18*1 per cent. ; the 
latter determination agrees exactly with the average of our ten deter- 
minations; which oacillate between 18*05 and 18*2. Gerhardt'a deter- 
mination of the platinum is more concordant with Liebig'a lower ones. 

Ilydrochlorate of strychnine and iei^chloride of gold, — On adding 
terehloride of gold to a solution of hydrochlorate of atrychnine, 
a Toluminous bright yellow precipitate of the double aalt is 
formed ; it is purified by washing rapidly with cold water, and 
cryatalliaing from alcohol When boiled with water, thia compound 
undergoes decompoaitiou, metallic gold separating. The compound 
ia deposited from an alcoholic solution, in light orange-coloored 
cryatala, which may be dried at 100° without decomposition. 

I. 0'3102 grm. of substance gave cm combusLion : 



0-121G 




ii 


carbonic acid and 


00995 




99 


water. 


II. 0 375G 


tt 


99 


substance gave : 


01095 


99 


99 


gold. 


III. 01516 


*9 


99 


substance gave : 


00441 


99 


99 


gold. 


IV. 0*4334 


tl 


» 


substance gave: 


01266 


99 


99 


gold. 


parts : 














r. II. III. nr. 


Carbon , 


• 


m 


37-33 — — — 


Hydrogen 


• 


• 


3.55 — _ 



Gold .... — 29-15 2909 29-21 



corresponding to the formula, 

C42 T^.i ^2 % HCl, AuCl, 
as the tollowiug comparison will show : 
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42 equivs* of Carbon 
9* » Hydrogen 
% „ „ Nitrogen 
4 „ „ Oxygen 
4 „ „ Chlorine 
1 equiv. of (xold . 



Theocy. Sxperiment. 

25200 37.41 37-33 

23 00 3 12 3-42 

28-00 415 — 

32-00 4-75 — 

142 00 21 08 — 

196-66 29-19 29*16 



1 „ Hydrochlorate I eya-ge ioq-ooO 

strychnine and ter-chlonde of gold j 

Hydrochlorate of strychnine and protochloride of palladium is 
precipitated as a brown floccnlent mass, ^^lun protochloride of 
palladium is added to a solntioii of strychnine ui hydrochloric arid. 
It is soluble in water and alcohul, from boiling solutions of which it 
crystallizes on their cooling in dark brown needles. It may be 
dried at 100'^ C (212^ P.) without decomposition, and affords metallic 
palladium when exposed to a high temperature. 

I. 0*4437 grm. of substanoe gave : 
00512 „ palladium. 
II. 0-3121 „ substance gave : 
00358 „ „ palladium. 
Per-oentage obtained, 

I. ti. 
PaUadtum . . . 11*50 11.47 
agreeing with the formula, 

C43 H,2 N, O, HCl, PdCl. 
as 18 ifaown by the following comparison : 

Mean of 

Theory. Bxpt. 



42 equivB. of Carbon 252 00 54-87 — 

23 „ „ Hydrogen 

2 „ Nitrogen . 

4 „ « Oxygen 

2 „ Chlorine 

1 equiv. of Palladium 



2300 501 — 

28-00 6.08 — 

32-00 7-00 — 

71-00 15-45 — 

63-27 11*59 11-50 



1 „ „ Hydrochlorate of strj-ch-l^ 
nme and protochloride of palladium J^"*^' 

Stry chine and protochloride of mercury. — ^If a solution of strych- 
nine in dilute alcohol be added to an excess of protochloride of 

VOL. II. — VO, VII. 8 
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metcarj, a white crystalline precipitate is immediately formed^ which 
is insoluble in water^ alcohol and ether, it may thc^ore be easily 
purified by washing. This compound^ as well as the following, 
was bnmt with chiomate of lead in a combustion-tube provided 
with an elongated bulb as described by one of us in the analysis 
of the double compound of cslReine and protocbloride of mercury/ 
carbonic acid, water and mercury being determined in one combus- 
tion. 

I. 0*4815 grtn. of substance gave : 
0*7380 ,t carbonic acid, 
0.1636 „ y, water and 
0.1595 „ „ mercury. 
II. 0*4860 „ substance gave s 
0 2070 „ „ chloride of silver, or 
0-0512 ,y „ chlorine. 

Hi 100 parU, 

I. II. 
Carbon . . . 41*52 — • 
Hydrogen . . 3.77 — 
Mercury . . . 88*12 — 
Chlorine ... — 11.74 

The followinu; coiiijjarison of these results with the theuretical 
numbers shows this compound to have the formula^ 

C„HaN,0«,2HgCl 

Theory. Ez]it 

42 equivs. of Carbon 262*00 41*64 41*52 

22 „ „ Hyliugen. . . 22*00 S-63 8*77 

2 „ Nitrogen 28*00 4*68 — 

4 „ „ Oxygen 32*00 6*29 — 

2 „ „ Chlorine 71*00 11-78 11*74 

2 „ Mercury 200*14 83*08 33*12 

1 eq»i,. 8t..v^-;^»d^P«tj-^605 i4 100000 

The substance therefore is analogous in composition to the aniline 
and leucoline compounds described by Professor Hofmann. It is 
soluble in dilute acids. 

Sulphate of strychnine and p'otochloride of mercury, — The solution 
of the above compound in sulphuric acid yields a substance which is 

* Mem. Chem. Soc. London, Vol. iii. p. 321. 
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indistinctly crystalline, but of perfectly definite nature, consisting 
of the original body combined with one equivalent of salphuric acidj 
its formula being 

O4 U SO4, 2Hg CI 

as the foUowiDg detemitiation Bhowa^ wbea compued with the 
tlieoretical numbers : 

0*2585 gnu. of substance gave : 
0*0489 „ sulpbate of baryta 

corresponding to 7*27 pei cent of liydrute oi sulphuric ucid. 

Theon*. Expt. 

1 equiv of Strychnine 334 00^ 5r09 — 

1 „ „ Hydrate of sulphuric acid . 49 00 7*49 7 27 

2 equivs. of Chlorine 1100 10*85 — 

2 „ „ Mercury 200 14 30 57 — 

1 eqniy. of Sulphate of stijehnine and 1 q^^^i^ 100 00 
protocUoride or mercuiy J 

Hydrochlorate of strychnine and prot or hlo rule of mercury is y^re- 
pared by dissolving the above compound in hydrochloric acid, or by 
adding a solution of protochloride of mercury to hydiochlorate of 
strychnine. It is difficultly soluble in water, but easily so in spirit, 
crystallizing from boiling solutions on cooling. 

I. 0*4968 grm. of substance gave : 
0-7176 „ „ carbonic acid^ 
0*1785 water, and 

0*1559 „ mercnry. 
XL 0*2990 „ „ snbstance gave : 
0*2007 „ „ chloride of silver, or 
0*0496 „ „ chlorine. 

In 100 parts, 

I. II. 
Caihon .... 89-38 — 
Hydrogen .... 3-88 — 
Mercury .... 81*38 — 
Chlorine .... — 16*59 

leading to the formula, 

C,2 H,, N, O4, H CI, 2 Hg CI 
as is seen by the following comparison : 
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Tbeoy. Bipt 

42eqmirs.ofCarboti 2^2*00 89-27 39*38 

23 „ „ Hydrogen 28'00 8-68 8-88 

2 „ „ Nitrogen 28-00 4r36 — 

4 „ „ Oxygen 32*00 4*98 — 

8 „ Chlorine 106-60 16*61 16*59 

2 „ „ Mercury 200*14 81*20 31*38 

1 eqniv. of Hydrochlorate of stryehninel ^^^.^^ 100 00 
and protocbloride of mercury J 

• 

The solutions of the two latter eompounds give with ammonia a 
white precipitate. It appeared not improbable that under these 
circumstances a new hasie atom, containing both strychnine and 
protochloride of mercury was thrown down. To ascertain this, a 
platinum-salt of the above precipitate was prepared and aubmitted 
to analysis. This salt gave 18*1 per cent, of platinum^ proving that 
the precipitate was nothing but strychnine. The mercury in this 
instance was not precipitated as chloro-amidide of mercury, but held 
in solution as the double compound of chloride of ammonium and 
protochloride of mercury, Hg CI, N CI. 

Strychnine and cyanide of mercury. — This substance is produced 
in the same manner as the compound of strychnine with proto- 
chloride of mercury ; it is more sohiblc in water and alcohol than 
the latter, and crystallizes in well defined small prisms. It is inso- 
luble in ether, and may be dried at 100<^ C. (212^ F.) without decom- 
position. 

0'4098 grm. of substance gave : 
0*705 5 „ „ carbonic acid, 
0"1395 „ watir, and 

0'1400 „ „ mercury. 

In 100 parts: 

Carbon * . . . 46-96 
Hydrogen . . ♦ 3*78 
Mercury .... 34'16 

The following comparison shows this compound to have the 
formula, 

C40 H^, X, O4, 2 Hg Cy 
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Theory. 



Experimeot. 



46 equivs. of Carbon . 
22 ,j „ Hydrogen 

4 „ „ Nitrogen . 

4 „ „ Ox) gen . 

2 Mercury . 



27600 
2200 
5600 
32-00 

200-14 



47-08 
3-75 
9-59 
5-16 

341:1 



46-96 
3-78 



84*16 



Hydrochlorate of strychnine and cyanide of mercunj. — ^Brandes* 
has described a compound, produicd by mixmg solutious of bydro- 
chlorate of strychnine and cyanide of mercury, the analysis of which 
led to the iormuia : 

C44 Hm N, O4 nC\, 4 Hg Gy. 

We prepared a com])o\uid of this nature, according to the metihod 
described by the abu\ ( chemist, and submitted it to analysis. 

0*4356 grm. of substanoe gave: 
0-8390 

w w carbonic acid, and 
0-0881 „ „ mercury. 

In 100 parts : 

Carbon . . . 52*53 
Mereoiy . • 20*20 

These numbers agree with the fonnnla : 

C42 O, HCl, Hg Cy 

as expressive of the c<)!ii])osition of this salt, as may be seen by com- 
parison with the theoretical nuuibers. 



Tbeoay. 



Bzperimeat. 



44 equivs. of Carbon . 


. 2G400 


53-16 


52*53 


23 „ „ Hydrogen 


. 23-00 


4-63 




3 „ „ Nitrogen 


. 44-00 


8-46 




4 „ „ Oxygen . 


. 32-00 


6-45 




1 equiv. „ Chlorine. 


35-50 


7-15 




1 Mercury. 


. 10007 


2015 


20-20 



1 equiv. of Hydrochlorate 
Strychnine and Cyanide 
Mercury 



ate of "J 
ide of > 



496*57 100-00 



* Lifting's Aniuden, v. 66, p. 268. 
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It is probable from this that atrychniiie combines in various pro- 
portions with cyanide of mercury. 

Besides the above compounds of strychnine, we have also examined 
its combinations with phosphoric and arsenic acids, which have 
furnished us peenliar results, especially the compound with meta- 
phosphoric aeid; we shall give » detaOed description of these com- 
pounds in a separate paper, 

' Strychnin^ Hlmna^ finrms difficult^ soluble eompounds with 
piotodiloride of platinum^ protaodide and sobnitrste of m er cury, we 
have not salnnitted tihese nits to qnantitative eumination. 

The following is a table of the compounds of strychnine analysed 
by us, with their fimnnbe vnneied. 

Strjchnine • . . . H,, N, 0^ 
Hydrochlorate of itrycllllfalO . • ^n^a ^4' 

C , H^N,0«, HBr 

Hydriodate ti n • • ^^zs ^2 

Hydrosulphocyanato » . . C^,, H.>, 0^, HCy S, 
Neutral stilphate „ „ . . C<.> H.j2 No 0^, HSO^ 

Add sulphate » u > • H33 0^, HSO^, IISO^ 
Nitnte » ,» • V C« Ha N, O^, HNOq 

Hja Ng 0„ HCr O4 

Neutral oxalate n n ■ > ^^^^^ 0^, UC, O4 
Add oxalate „ . . iC O^, HC, 0^. HC^ O4 

Neutral tartrate „ „ . 2 (C^> No O4), H^, C- H4 
Acid tartrate i> •> • • Hjj Nj O4, Ojj 

Hydrochlorate of strychnine and bichlo-1 ^ n 0 HCL Pt CL 

ride of platinum . • J * « 4» *» ** 

Hydrochlorate of strychnine and tcrchlo- 1 ^ q uqi AuCL 

ride of gold , . • J ** t h *» 

HydrocUonrte of ttryehidiie and proto. Ip u N, 0„ HCl, Pd CI 

chlonde of pnllf^flnnn . J 
Strychnine and protochloride of mercuij. N, O4, 2Hg CI 

Sulphate of atryclmliie and iiro«oehkMride 1 ^ „ j, q hsO-. 2Hg CI 

of mercury j « -» 1 w v o 

Hydnx^orate of strychnine and P«>to-lc_H_N,04, HG, 2Haa 

chlonde of mercDxy . .J • ^ ■ p » 

Strychnine and cyanide of mercury . 'B^ O^t 2Hg Cy 
Hydrochlorat<» of strychnine and cyanMe q d ^ q HCL Hs Cf 
of mercury . • ^ * *» » 7 

The formula for strychnine arrived at by all these analyses is the 
same as that last proposed by Eegnault^ 

which has subsequently been translated by Gerhardt into the expressidn, 

the formula of late most generally adopted. The analyses made by 
Regnauk, of the liydriodate, sulphate, and nitrate, all closely cor- 
respond with C42 Nj O4, as may be seen by referring to the 
analytical dt tails. His determinations of carbon and hydrogen, in 
the base lUelf, are lower, however, than this formula will admit. 
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In conclusion, it may be mentioned, that the study of a series of 
products of substitution and decomposition, with which we have 
become acquainted in the course of these experiments, fully confirm 
the analyses of strychnine and its salts, so that we have no hesitation 
in adopting the fonnula : 

as the true expression for this base. 



The fidlowing Paper having been reeeived subsequently to the last 
Meeting of the Society on June 18th, was ordered to be published by the 
Council. 

XXVII.— On the hoiation of the Orgumc RadieaU, 
By E. Frankland. 

Considering the importance of having: positive proof of the 
existence of the hitherto hypothetical radical-^ entering, on the one 
hand, into the composition of the basic compouiuls of which alcohol is 
a type, and, on the other, giving rise to the acids of the series com- 
mencing with formic acid, it is somewhat remarkable that so few 
attempts have been made either to isolate these radicals, or at least 
to discover the simpler groups into which they ai*e decomposed at the 
moment ol tiitir separation. 

Although the method by which Bunsen* succeeded in isolating 
cacodyl, pointed out the conditions under which a similar sej)aration 
of other radicals might be affected, yet, with the exception of an 
unsuccessful attempt made by Lovvig to obtain ethyl, by the action of 
potassium u})oii chloride of ethyl, the subject docs not seem to have 
received further attention until Kolbcf succeeded in isolating valyl 
(^8 Hg) by an entirely different method, viz. by the electrolysis of 
valerianic acid. 

The action of potassium upon cyanide of ethylj induced me to 
hope, that by employing a body of less complex constitution, and u 
metal of a less electro-positive cluiracici, the radical might be 
separated without being at the same time broken up into the groups 
(C, H2) and (C3 H3). 

The weak affinity possessed by iodine for the organic groups^ its 

* Annslaa der Chemie, Bd. xlii. s 45. 

•f Memnir? and proceerlings of the Chpniiral Society, vol. in. p. 2B5. 
X Quarterly Journal of the Chemical Society, No. i, p. 60. 
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energetic action upon metal**, nud tiir conipurativclv low temperature 
at which its organic compounds are decomposed with the separation 
of free iodine, suggested the combinations of this element as being 
well adapted for such experiments ; and although, with the exception 
of potassium and sudiuin, probably no metal has any action upon 
these compounds at their orduiary boilinc; points_, yet it appeared in 
the highest degree probable that, it the metal and iodide were 
exposed under pressure to a progressively increasing temperature, a 
point would be attained where the affinity of the metal for iodine 
overbalancing that of the radical for the same element, would 
determine the decomposition of the iodide. The nature of the 
products would, of course, depend greatly upon the temperature, aud^ 
perhaps, in some degree, upon the nature of the metal employed. 

Prom the superior interest possessed by ethyl, I selected the iodide 
of that radical for my hrst experiments : the compound was prepared 
by placin- 7 parts by weight of pliosphorus into 35 parts of absolute 
alcohol, and adding, in small quantities at a time, 23 parts of iodine, 
the vessel being kept cool by immersion in ice-cold water ; the liquid 
was then decanted from the sediment and distilled in a water-bath, 
the distillate twice washed with water, and allowed to stand for 24 
hours over chloride of calcium, iodine having been previously added 
until the fluid remained permanently coloured ; it was then distilled 
three times from chloride of calcium, mercury, and anhydrous oxide 
of \c;id : when thus purified, its boiling point, as indicated by a ther- 
mometer ])laced immediately abo^ e the liquid, was 71'GPC. (161° F.) 
at 716-5 m.m. pressure ('30-39 Knglish inches) ; w ith the bulb of the 
thermometer immersed in the fluid, the temperature n rnained constant 
at 72-2"C. (162^ F.) ; its specitic gravity, as indicated by a carefully 
con duc ted experiment, was 1-9464 at 16"C. (6P F.). 

Burnt with oxide of copper,* 0*5618 grms. yielded 0*8190 grms. 
carbonic acid, and 0 1607 grms. water; numbers which indicate the 
following per-oentage composition : 

Calculated. Expt. 

4 eqs. Carbon. . . 800 15*42 15*48 

5 „ Hydrogen . . 62*5 8-20 8-18 
1 eq. Iodine . . . 1585*5 81*88 



19480 100 00 

* Ib thk analysis, about four iiicbe$ ot tbe front end of the combtutioa tube 
filed with oo|iper tumiBgi and nudntatned at a heat jwt below Tidble vednesa dnring 
the whole operation. After fhe combaatioii» tlie Ikpiid in the potMh appumtua did not 
contain a trace of iodine 
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In order to subject this liquid, in contact with different metals, to 
temperatures considerably above its boiling point, and at the same 
time to preserve any gases that might be evolved, the following 
method was adopted : tubes of hard Bohemian glass, 1 cm. in 
diameter, the thickness of the glass being about 1*3 mm., were cut 
into lengths of 12 inches each, and carefully closed at one end before 

1 the blow-pipe so as not to diminish 

the thickness of the glass. The 
metals, either finely granulated, or 
otherwise treated so as to expose a 
large surface, were then introduced, 
and the open extremity of the tube 
was drawn out to the thickness of 
a straw ; about an inch of this nar- 
row tube, at h Fig. 1., was then 
brought into the hottest portion 
of the flame, and the glass allowed 
to shrink up until a fine capillary 
bore was obtained ; the narrow 
tube was then bent twice at right 
angles as shewn in the figure. 
The whole being now warmed, the 
open extremity (a) was immersed 
in the iodide of ethyl, which, by 
the subsequent contraction of the 
enclosed air, was forced into the 
apparatus in the required quantity; 
the tube (a) being then connected 
with an air-pump by means of 
a strong caoutchouc joint, the 
apparatus was exhausted, and the 
tube finally hermetically sealed at 
(b) : as the liquid boiled violently during the exhaustion, it was easy 
to effect the expulsion of the last traces of air. The tubes thus 
prepared were afterwards exposed to the necessary heat by immersing 
them to half their length in an oil-bath. 

ACTION OF ZINC UPON IODIDE OF ETHYL. 

A preliminary experiment, conducted as above described, shewed 
that the decomposition of iodide of ethyl, by zinc, commences at a 
temperature of about 150" C. (302" F.), and proceeds with tolerable 
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rapidity when an extensive surface of the metal is exposed ; white 
crystals gradually encrust the zinc and glass^ whilst a colourless mobile 
liquid remains^ equal in volume to only about half the iodide of ethyl 
employed, and ve^ different from that liquid in appearance ; it was 
further evident, from the cessation of ebullition soon after decomposi- 
tion commenced, that a gas or highly elastic vapour had been gene- 
rated. Having been maintained at the above temperature for about 
two hours, and the decomposition appearing to be complete, the tube 
was removed from the bath and allowed to cool. On, afterwards, 
breaking off its capillary extremity under water, about forty times its 
volume of gas was evolved, whilst the whole of the mobile fluid, above 
mentioned, disappeared ; the gas had a strong ethereal odour, burnt 
with a bright flame, and was rapidly and completely absorbed by 
recently boiled absolute alcohol. On cutting off the upper portion 
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of the tube, and introducing distilled water, the white mass of ci ystala 
dissolved with brisk effervescence, occasioned by the evolatiou of a 
considerable quantity of a gas possessing properties quite similar to 
those just mentioued. The solution of the crystals thus obtained 
possesses all the propei-ties of a solution of iodide of zinc and, with 
the exception of a trace of undecomposed iodide of ethyl^ appeared 
to contain no organic substance. 

For the collection and preservation of the gas, I used the apparatus 
shown in Fig. 2. J is a bell jar, open below and passing easily into 
the cylinder BB, its upper orifice is closed by a sound cork, through 
which passes the p:lass tube (a), which is bent above at right angles, 
and connected by the caoutchouc joint {h) with the gas -delivering 
tube (c) ; within the joint (b), and between the tubes (a) and (r), is 
placed a piece of glass rod, half an inch iu length, and ratlier smaller 
in diameter than the flexible tnbe, so tliat by means of an external 
ligature, the communication can be opened or closed at pleasure^ 
without injury to the caoiiteliouc connector. 

It was absolutely necessary to collect the gas over water, and to allow 
it to stand at leaRt t^veIlt^ -foul• bon is, in order that the vapour of un- 
decomposed iodide of ethyl might be ])erfectly absorbed: during- this 
time a diffusion between the Eras and atmospheric air is constantly 
g:oing on, and cannot be wholly ])revented even by a layer of oil; 
smce, therefore, in the present case, it was found that the al)sorption 
of oxygen by phosphorus could only be effected at a temperature 
considerably above the fusing point of the latter, which would render 
the correct estimation of the oxygen a matter of considerable difficulty, 
it appeared desirable to prevent the ingress of every trace of oxygen. 
This object was easily nnd perfectly attained by mixing some alkaline 
solution of sulphuret of potassium with the water used iu the pneu- 
matic operations, thus the passage of this gas into the receiver was 
rendered impossible. 

An earthen vessel of convenient size, and admitting of llie total 
immersion of the cylinder BB being filled with this sulphuretted • 
water, the bell t^lass A, having the valve (b) open, was pressed 
beneath its surface until the included atmospheric air had been 
completely expelled throui^h the tubes (a) and [c), which also bt come 
filled with the tiuid on suction being applied at the orifice (d) ; the 
valve at (b) being then securely closed, the apparatus was ready for 
the reception of the gas. 

One of the decomposition tubes before mentioned, in which about 
six grammes of iodide of ethyl had been exposed to the action of zinc 
was now brought beneath the vessel A, and the capillary portion 
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bdngcat through with a the compressed gas r ashed into the 
nowmt, at first with considerable violence, but afterwards in a slow 
stream, which did not entirely cease until after the lapse of nearly a 
qiuurter of an hour ; the cylinder BB, filled with the prepared water^ 
was now brought under the bell jar A, and the latter being lowered 
into it, both were removed from the large vessel : the gas, wliir h I 
will call a, was then allowed to stand over the confining liquid for 
twenty-four hours before being used for further experiments. 

After the lapse of twelve hours, the contracted portion of the tube 
from which the compressed gas had been evolved was cut oiT at c 
(Fig. 1), and a smaller bent tube and cork having been fitted to the 
orifice, distilled water was poured upon the residue, and the eork 
furnished with the £;as- delivering; tube immediately inserted ; a rapid 
disengagement ot gas ensued, which was allowed to escape until 
every trace of atmospheric air had been expelled; this gas, whirh I 
will call ^, was then colleeted in a similar apparatus, and with like 
precautions to those used in the eollection of a. 

The gas a was tirst submitted to investigation ; the determination 
of its specilic gravity was made in a light g:hiss llask capable of con- 
taining upwards of 200 cubic centimeters, and having a millimeter 
scale etched upon its neck ; a few fragments of fused potash having 
been introduced into this flask, and fixed to the glass by being fix^t 
moistened with water, and then gently heated, it was carefully filled 
with mereun% and inverted in a vessel containing the same metal. 
The apparatus BB, A being then conveniently arranged^ the valve 
(h) was loosened, and the gas, acting undt i' the external pressure, 
allowed to force out the water occupynig the tubes (//) and (c) from 
the oriiice (rf), which had been previously immersed in quicksilver; 
as soon as the water had been completely expelled, and removed from 
the surface of the metal by blotting paper, the bent extremity of the 
tube (c) was introduced within the neck of the specific gravity flask, 
so that its orifice was somewhat above the level of the external 
mercury ; by this last arrangement, the inconvenience of employing 
gieat ])ressure in BB to overcome that of the mercury was entirely 
avoided, an external column of water, a few inches in height, being 
sufficient to counteract the capillary action of the tubes. The gas 
was allowed to enter the flask until the external and internal mercury 
stood at the same level, and the tube (c) being removed, the rest of 
the gas in A was immediately transferred for eudiometrical analysis 
to a receiver standing over the mercury : a thermometer being now 
brought into the vicinity of the apparatus^ the whole w^as allowed to 
remain for several hours in a room of constant temperature, until the 
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moist gas became perfectly dfied by tbe pieocB of fused potasb. Tbe 
thermometer^ barometer^ and beigbt of tbe internal column of 
mercury above tbat in the outer Tossel, were then read off by means 
of a telescope placed at the diatanee of a few feet, and the flask, after 
bem^ securely stopped without Iwrngmg the hand in contact with it, 
was weighed, afterwards filled with dry air, and lastly with quick> 
silver, tbe weight being ttlkea m eaeh ease. 
The following numbers were obtained : 



Temperature of room .... 




Height of barometer .... 


760-9mni. 


Difference of mercury level . 


194mm. 


Weight of flask and gas. 


54-6213 gnus. 


Temperature in balance case . 


7-80 C. 


Weight of flaak and air . 


54-4838 grms. 


Temperature in balance ease . 


SOP C. 


Capacity of flask 


211-23 Cbc. 


From which the sp. gr. was eakukted to be 


1*5250. 



Die eomposition ol this and of the following gases, was detemmied 
by the eu^&nnetrical fnocesses of Fhxfessor Bunsen, by whieh the 
estimations ean be made with a degree of aoeuracy preriously 
unattainable in this branch of ehemical research: I gladly avail 
myself of this opportunity to express my wannest thanks to that 
genUenum finr die yeiy kind manner in whieh he placed his 
laboiatory, and especially the whole of his admirably arranged 
eudiometrical appsiatna, at my disposal during the progress of thia 
inyestigation. 

The gas to be examined waa tnmsferred into a short eudiometer, 
and rendered perfeetly dry by mesne of a hsll of potash, the volume 
bdng then noted with the necessary precautions, a recently ignited 
eoke bullety saturated with veiy strongly fuming sulphuxie acidj 
was introduced and allowed to remain in the gas until the volume 
of the latter ceased to diminish. After the removal of the ooke 
bullet, the sulphurous, and vapours of anhydrous sulphuric add, 
were removed by a bsll of moist peroxide of manganese, and the gas 
bemg lastly dned by a ball of fiised potash, its volume was again 
noted. After a specimen of the gaa had beim removed for ecnnbuB* 
tion with oxygen, and the remaining volume once more read off, 
absolute alcohol, weLl-boiled and still warm waa introduced by meana 
of a bent pipette, agitated with the gas and allowed to stand for 
several hours; the remaining volume, after eorreetion for the tenimn 
of slcohol vapour, was regarded as pure nitrogen. 
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The specimen of gas removed after absorbtion by sulphuric acid 
was transferred into a long eudiometer, furnished with platinum 
wires for the transmission of the electric spark, and, its volume being 
taken, was exploded with m«i8ured quantities of oxygen and atmos- 
pheric air ;* the vuluine being again read oflF, a ball of fused potash 
was introduced and allowed to remain in the gas until every trace of 
carbonic aci»i was absorbed ; on the subsequent removal of the potash 
ball and another determination of the volume, the remaining ^';is was 
exploded with a known quantity of hydrogen in excess, and the 
resulting contraction ascertained. 

It is almost unnecessary to state that the observations were always 
made, either when the gases were perfectly dry or fully saturated 
with vapour. The corrections for temperature were calculated 
according to Marchand's Tables in which the expansion-coefficient 
for each degree of the centigrade scale \^ taken as = 0 003665. 
Regnault's table of the expansive force of aqueous vapour was used 
in correcting for moisture; and lor alcohol vapour, the numbers 
given by Schmidt were employed. 

The volume of combustible irns^ brought mto tlie lar^e eudiometer 
was found by deducting irom the first reading, the due proportion 

* The aiialjiii of Hub gas presented some difficulties, its combustion in fhe usual 

manner with o-vytjpn, produced sucb an intense explosion, that no ordinary eiuliometer 
could resist its vioience, the analysis was, therefore, conducted in a eudiometer 0 8 meter 
in length, and the gas, previout to iMUnliiiition, wit mixed with alMMit 26 tiniea itt 
volume of aftmoepboie tir, and 3 timea Ita fohnne of oxygen, by this meane, the violence 
of the explosion was moderated and, as shewn by Kolbe (Memoirs of the Chemical 
Society for 1846, p. 245), the oxydation of the nitrogen to nitric acid prevented; 
pure oxygen cannot be used for this purpose, since the ex(»ss required is too great to be 
aftevwaids determined by explosion nith liydrogen, nnleM a eadionielar of iaoonvenient 
length be employed ; this dilation^ however, cannot be carried beyond a certain limit 
without interfering with the accumiqr of the results, for when the explosion becomes 
exceedingly week, a portion of the carbon is oxidized to carbonic oxide, instead of 
carbonic add, as is shewn by the following experiments in which the gas was exploded 
witik diffarent qnantitiet of atmoapherie air and ootygen. 

VoL of gas. Vol. of air and 0. 0 consumed. CO, generated. 
(I). 1 36-3 4*40 2*82 
(II.) 1 32-4 5.28 3-17 
(III.) 1 28*8 5-36 3-28 
(IV.) 1 18*7 5-54 3-26 

In experiments (I.) and (11.) the explosion was very sUght, and the subsequent com- 
bustion with hydrogen indicated a larger quantity of nitrogen than was contained in the 
gat and atmoapherie air, a resnlt iridch eonld only have been prodnced by an imporfeet 
combustion. In experiment (No. IV*), the heat developed by the explosion iraa so 

great, that a portion of the mercnry was volatiUzed, covering the internal walls of the 
eudiometer with a black tilm, the greater part of which soon became converted into 
white crystals of nitrate of mercury. 
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of nitrogen as ascertained in the ^rnaU eudiometer. The third and 
fifth readings^ vis.: the determination of the vohime after the admission 
of oxygen and after absorption of carbonic acid^ together with the 
first readings gave data for ealenhiting the amount of oiygen con- 
somedj independently of the composition of atmospheric air^ the 
variations in which would have introdneed not unimportant inaccu- 
racies into the analyses, had its average oompontion been made an 
element in the calculation. I( therefore, we denote the volume of 
combustible gas by (e), the quantity of nitrogen and oxygen con- 
tained in the mixture at the tUrd readings by (N+0) and the total 
volume of gas at the third reading by A, we obtain the following 
equation : 

c+(N+0) = A. 

Further, if we represent the volume at the fiflJi readings via. : the 
volume after absorption of carbonic acid, by B and tbe unknown 
volume of oxygen consumed^ by x; then, as B contains all the nitro- 
gen and oxygen originally contained in (N + 0) minus the volume of 
oxygen wl^ hss been consumed by the combustible gas, it is 
evident that 

{N+0)=B+x. 

If tlu ii \vt substitute the quantity li + x for (N + 0) in tlie first 
e(^uation, wc obtain the expreasiou 

c+B+x-A. 

And hence for x, the value 

x=A— B— c. 

The quantity of carbonic acid generated was obtained by sub- 
stracting the fifth from the fourth reading, and finally the explosion 
of the remaining gas with hydrogen in excess, shewed whether or not 
perfect combustion had taken place ; for if the gas remaining after 
the absorption of carbonic acid consisted only of oxygen and nitrogen 
thai the quantity of the latter ought nearly to correspond with the 
amount introduced in the combustible gas and atmospheric air. 

In none of the following analyses was the heat eliminated by com- 
bustion with excess of oxygen so great aa to cause the volatilisation 
of the quicksilver, the occurrence of which, when nitrogen is pi'esent, 
is alwaya aecompaiiied by the formation of nitric acid* 
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Observed 



Gas used (dry). 116-2 

"^^n^^^^T 98-6 
bySOj (dry), r 

After removal of 

spedmeD for com- » 82*8 

biiBtion (dry.) 

After absorption by \ o ^ 

aloohoL / '^'^ 



Gas used (dry). 123-1 
After absorption i qj».« 

bySOa (dry. / 
After removal of 
epeeimeii for com- 

bnstioii (dry) 
After absorption \ 
by alcohol / 



on 



87-8 

2-9 



Gas used (moist). 
After admission of i 
atmoepheric air > 

(moiflt). ^ 
After admiflsionof i 
O. (moist). / 
After combustion*! 

(moist). J 
Aftffl- absorption of \ 
CO2 (dry). / 
After admission of 1 

H (dry.) / 

After combustions 
(moist). J 



102*2 
648*7 

5691 
537"5 
498-0 
626*9 
649*6 



I. 



TflBOPi. 



XNfhmos of 
mercury Baowii. 

level. 



Corrected vol. 

at 0« C. and 
iro pressure 









mm 


OA # *3 


8-20 


80*5 




7861 


99 


64-08 


9-OP 


42*8 


» 


785-8 


99 


55*21 


9.20 


42-8* 


732-9 


it 


1-76 


U. 












8-30 


61 




741-3 


ff 


87-83 


7.70 


240 


» 


739*4 


99 


68-74 


8*2» 


87*8 




788-1 


99 


69*81 




56-5 


n 


734-8 




1-86 


m. 










8*4^ 


618-8 


tf 


785*7 




10*79 


8*6» 


160-8 


n 


7oD*D 


99 




8-70 


137-8 


»» 


735-6 


99 


325 07 


8- 70 


1667 


fi 


735-6 


ff 


291-96 


86^ 


202*7 


99 


785*8 


99 


267-87 


9-OP 


87*2 


99 


786*6 


99 


898*51 


9*0» 


155*4 


99 


785*8 


99 


808*96 



* The pressure cl the stratum of aloohol, resting upon the inercuxy tUSStSatk the 
ciidioinetcr in' this tnd foUowii^ snilyacei b Gileii|ated into milfinelen of ijnick- 
sflver and added to the difltoenoe of meiauy levd. 
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IV. 

Difference of 
Observed Tetofi. mercury 

vol. G« level. 



ConeetedToL 
aft 0* C. aid 

I™ pressure. \ 



After admission of i 
atmospheric air t 538*3 
(moist). J 

After admission of 1 cmm/^ 
O. (moist). I^y'-O 
After coinbuistiou -I tAA© 
(moist). I o^«> 

After adminion of 1 k. 

H (dry). / ^ ^ 
After combustion! Koo.rv 



parts : 

Gas absorbable by SO3. 
Gas unabsorbable by SO, 
Nitrogen • • • 



8-8'» 


61 7 '5""" 


737 '0™" 


11*23 


8-30 


166 0 „ 


736-8 „ 


293*91 




181-6 „ 


7861 „ 


884-88 




160-8 „ 


7861 „ 


300*09 




196*4 „ 


733-5 „ 


263-99 


8-30 


791 „ 


7331 „ 


403-98 


8-3« 


171-8 „ 


732-2 „ 


285-10 


md IL, the original gas contained in 100 




I. 


II. 


MEAN. 


« « 


5TG8 


21-73 


21-70 


• • 


76-82 


75-82 


76-82 


« * 


2*50 


2-45 


2*48 




10000 


100-00 


100 00 



According to analyses III. and IV., tlie combustible gas^remainmg 
after absorption by sulphuric acid^ gave the following results : 



III. 

5-48 
8-31 



IV. 

5-47 
3-32 



Oxygen oonsumed by 1 vol. . . » 
Carbonic add generated by 1 vol. . • 

From the simple laws regulating the atomic volume of gaaeous 
bodies^ it is evident that no single gas could yield the results just 
given^ it was also highly improbable that a gas having the general 
formula could^ after the action of fuming sulphuric acid^ be 

present, since these gases so far as is at present known, are all rapidly- 
absorbed by that add; and as the absence of hydrogen and light 
carburetted hydrogen luid been proved by the solubility of the gas in 
alcohol, the conclusion was almost unavoidable that the mixture 
consisted of methyl and the hitherto unisolated radical ethyl. It 
will be seen, from the following calculations, how far this supposition 

VOL. II. — NO. VII, T 
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was bonie out 1)y tbe comlnned xeralts of the eadiometrical and 

specific gravity experimoits. 

The estimatioii of the relative quantities of ethyl and methyl 
depends upon the circumstance, that ethyl consumes 6^ times its 
volimie of oxygen^ and generates 4 times its Ticdume of carbonic add, 
whilst methyl ronsomes 3^ volumes ol oxygen, and generates 2 
▼olumes of carbonic add; hut, as the volume of the mixed gases is 
knowUj we require only one other known quantity for the formation 
of two equations from which to determine the two unknown quantities i 
the contraction produced by the explosion of the gas with oxygen, 
and which is found by subtracting the fourth from the third reading, 
is a value in which both the oxygen consumed and carbonic acid 
generated are involved, and I have, therefore, made choice of this 
number for the second equation. As the quantity representing this 
contraction is compounded of the volume of combustible gas, plus 
oxygen consumed mima carbonic acid generated, it is clear that 
ethyl will produce a contraction equal to 3^ times its own volume, 
and methyl a contraction equal to 2^ times its volume. If, then, we 
represent the volume of combustible gas (obtained by subtracting 
the known amount of nitrogen from the observed volume) by A, the 
contraction produced during combustion by B, and the quantities of 
ethyl and methyl present, respectively by («) and (y), we obtain the 
following equations : 

+ f y = B 

Hence the values of z and y are : 

z = ftB^HA 
2 

y = 7A^2B 
2 

According: to analysis (No. III.), 10-79 vols, containing 0*34 vols« 
nitrogen, and 10 45 vols, of combustible ^as, consumed 57*25 vols, 
oxviren, and venerated 34*59 vols, carbonic acul, caiisiner a contraction 
equal to lilVii vols. By siibstitutnip; the numbers here representing 
the volume of combustible gas, and the contraction, for A and B in 
the above equations, we obtain the following numerical values for z 
and y : 

z = 6-98 
y = 8*47 

In analysis (IV.) 11*23 vols, containing 0*35 vols, nitrogen and 
10'88 vols, of combustible gas, consumed 59*51 vols* oig^gen and 
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generated 86*10 vols, carbonic acid producing a contraetion of 34*29 
Tole, ; from which we obtain as the values of z and y : 

X = 709 
y = 8*79 

Henoe, the 76*82 per cent of combnstible gas^ left nnabsorbed by 
faming sulphuric acid, contained on the above supposition : 



Ethyl 
Methyl 



III. 


IV. 


M£AN. 


60-64 


49-41 


5003 


2518 


26-41 


25-79 


76 82 


75-82 


75-82 



In order to ascertain the composition and state of condensation of 
the gaseous body absorbed by fuming sulphuric acid, the original gas 
waa exploded with atmospheric air and oxygen, precautions, exactly 
similar to those already described, being observed. The following 
numbers were obtained : 

V. 

Difference of Corrected vol. 

Observed Temp, mercury Barom'. at 0<> C. and 
vol. C. level. Im pressure. 

Gas used {moiAi). 99 6 7-40 621-5""' 735-9'»" 10-35 
After admifisiou of] 

atmospheric air [ 508-9 7*2^ 192*4 „ 785*8 „ 265*66 
(moist.) J 

Aft^radimsrion^^ 669-5 7-2« 146 0 „ 735.8 „ 317 37 

oxygen (moist), / " " 

After combustion I ^3^.3 ^.^ X72 0 „ 736 1 „ 287 95 
(moist). J " " 

^^(W)?^ ''''^ 663-3 7-30 142*8 „ 741*6 „ 324^9 



Yl. 



After admission of 1 

atmospheric air r 

(moist). 
Alter admission of \ 
oxygen (moist). J 



108*1 


9'2P 


610*8 „ 


784-9 „ 


12*12 


588*7 




167-5 „ 


784-9 „ 


288-46 


589-9 


9-0» 


IIM V 


784-2 „ 


847*49 



t2 



Digitized by Google 



Temp. 


Difference of 

mercury 


Barom'. 


Corrected loL 
at 00 C. and 


ft*QO 
o Jf^ 








9a> 


1812 „ 


7331 « 


27713 




18-2 „ 


732-6 „ 


488*47 


8-8« 


14G-4 „ . 




31218 
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After combustion! ggw.g 

(moist). J 
After absorption"! kiq.- 

<rfco,(d.^). 

After admiuioii of 1 .nc.o 

H (dpT). / ^ 
After comoustion 1 n, 

(moist). i 

According to analysis (No. Y.) 10-85 to1i.j eontainiiig 10*10 vols, 
of combustible gas^ consumed 49*95 toIs. oxygen, and generated 
80*68 vols. earb<»iio acid ; but 10*35 toIs. of the original gas would 
oontaiUj according to the mean of the analyses I. and 11., 7*85 vols, 
of combustible gas unabsorbable by fuming sulphuric acid, which 
would consume (vide analyses III. and IV.) 43*02 vols, of oxygen, 
and generate 26*06 vols, carbonic acid; leaving 6*93 vols, oxygen and 
4*57 vols, carbonic acid, as the oxygen consumed and carbonic acid 
genen^ by 2*25 vols, of the gaa removed by fuming sulphuric 
acid. 

Analysia (No. YI.) leads to a simikr result, 12*12 vols., containing 
11*82 vols, of combustible gas, consumed 68*54 vols, oxygen, and 
generated 35-63 vols, carbonic acid; and as this quantity of the 
original gas would contain 9*19 vols, of the mixture of ethyl and 
methyl, which would consume 50*36 vols, oxygen and generate 
30*51 vols, carbonic acid, therefore, the remaining 2'63 vols, of e:as 
absorbed by sulphuric acid consumed 8*29 vols, oxygen^ and generated 
5*00 vols, carbonic acid. 

Hence the results yielded by the gas absorbable by sulphuric acid 
may be thus expressed : 

V, VI. MEAN. 

Oxygen consumed by 1 vol. . . 3*08 8*11 3-09 

Carbonic acid generated by 1 vol. 2*03 1*95 1*99 

The gaa removed by sulphuric acid appears, therefore, to have 
exactly the pomposition and state of condensation possessed by elayl, 
1 vol. of which requires, for its combustion, 8 vols, of oxygen, and 
generates 2 vok. of carbonic add, numbers which sufficiently coincide 
with those just given, when we consider that any errors of observation 
are concentrated upon a small portion of the combustible gas. 

To control this result, a quantity of the original gas, perfectly dried 
by passing ovor chloride of calcium, was allowed to stream through a 
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Liebig^s potash apparatus coiitaiuing pcrchlonde of antimony, which 
rapidly combines with the gas absorbable by sulphuric acid, but has 
no action upon ethyl, as shewn below, or upon methyl. An indefinite 
quantity of the brown crystallizabie hqnnl thus obtained was carefully 
burnt with oxide of copper, the front end of the combustion-tube 
.bein;? fui ni.-?hcd with a layer of copper turnings. After the combus- 
tion, the weight of the potash apparatus was found to have increased 
by O'llfii crrms., and that of the chloride of calcium lube by 0 0173 
grms. These numbers correspond with the ioiiowing atomic pro- 
portion: 

C : H = 0 0053 : 0*0053 
C:H 2 : % 

A result which completely confirms the eudiometricsl analyses. 
Whether this body be really identical with elayl, or only isomeric with 
it, most be decided by fbrther researches. 

The per-eentage composition of the gas a may, therefore, according 
to the mean of the foregoing analyses, he expressed as follows : 

Elayl . . , 21-70 

Ethyl . . . 50 03 

Methyl . . 25*79 

Nitrogen • • 2*48 

10000 

The theoretical specific gravity of a mixture possessing this com- 
position, agrees closely with that found by ejq^rimeut as is seen from 
the following simple calculation : 

0-9r)713 = 20-9980 

10;^(),;3 as 26-7319 

20():31iO s= 100-3551 

0*96740 s 2-399^ 



150-4792 

" 100 i-5Mr93 

Specific gravity as found by experiment • • 1*5260 

XZAHINATION OF THl OAS fi. 

This gas which occupies only about of the volume of the last, 
was treated in a similar manner : the eudionietncal cipenments gave 
the following niunbers : 



CaHs = 25-79 x 
C^H, = 50-03 X 
N S8 2*48 X 



100.00 
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Observed 
vol. 

Gas uBed (dry). IfiO'O 
After abwvptKoa by 1 •• f-a.o 

SO, (diy). / ^^"^ 
After removal ofl 

specimen for ' 128*8 

eombastdon (dry).. 
After absorptioii by \ 

aloohd, J 

These numben^ reduced for 100 parts, give: 

Gas absorbable by SO3 2*61 

Combustible gas unabsorbable by SO, • • 91*46 

Nitrogen 5*98 

100*00 

The oombcntumj with oxygen, of the gas remaining after treat- 
ment with fuming sulphurie acid, gave the following results : 

U. 

ObMrred 
voL 



I. 










Difference of 




Corrected vol. 


Tempw 


BMUPCUrjf 






C. 


levd. 




1* pressure. 


18-2^ 


4.31001 


787*8'*»" 


' 112-87 


12.6*> 


87 „ 


7^17,, 




18-90 


87-8„ 


7421 „ 


86.82 


14rOP 


4»*8„ 


742*0,, 


6*26 



After admission ofl 

atmospheric air y 454*8 

(moist). J 
After admission of' 

(moist). J 

After combustion! 502*0 

(moist). J 
After absorption \ ^0,0 
of CO. (dry). J"^^ 

Alter admission ofl 

H (dry). ^ / 
After combustion i J, g 

(moist). / 



After admission of] 
atmoBpberic airl 
(moist). J 



Temp. 
C. 

18*6<» 


Di£ferei)ce oi 
mercury 
level. 

598-9-» 


Barom*. 
74l*8»- 


Corrected vol. 
at 0<> C. and 

14*64 


18*40 

* 


240-8,, 


741*8 „ 


211*97 


18*5<» 


160*5 „ 


741-7 „ 


298*25 


18*# 


195*9 „ 


741*8 „ 


255*71 


18*80 


286*6,, 


788*6 „ 


221-96 


18*80 


18*7,, 


788*4 „ 


495*82 


13*50 


154-9 „ 


788-8 „ 


800-96 


III. 








13-60 


594-3 „ 


738-7 „ 


15-33 


13-70 


247-7 „ 


738-6 „ 


204-42 
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DURhviim of 








Observed 


Temp. 


mercury 


Btrou'. 


at 0® C. and 




* VI* 


c 






!» nre&aiirfi. 


After admissiou of ] 


1^ 529*4 


14*0^ 


171*27— 


89*8-» 


280*06 


After explosion 1 

1 llj V/IO via J 




14*80 


209*4,, 


789*8 „ 


240*84 


After absorption i 
of CO^ (dry). J 


^ 440*9 


18-60 


254*7 „ 


7420 „ 


204*72 


After admisMon of i 
H (dry). J 


h 662*7 


13*90 


52*2 „ 


7421 „ 


48504 


Aflber exploaon n 
(moist). ) 


520*6 


1400 


1780,, 


742-2 „ 


273-49 



Aooording to analyBis (No. II.) 14*64 vols., oontaining 18*75 
vols, combustible gas, consomed 57*54 yols. oxygen, and generated 
83*75 vols, carbonic acid^ producing a contraction of 37*54 vols. 
In analysis (No. III.) 15*33 vols., oontaining 14.40 vols, com- 
bustible gas, consumed 60*96 vols, oxygen, and generated 85*62 vols, 
carbonic acid, suffering a diminution of vdnme during combustion 
equsl to 89*74 vols. ; nnmbers which correspond with the following 
proportions : 

VoL oi eomb. gm. 0. coniiumed. CO* gentttted. 

II. 1 : 418 : 2.46 

III. 1 : 4*23 : 2*47 

From the behaviour of the gas with fuming sulphuric acid, and 
from the results of its combustion with oxygen, Uieie can be no 
doubt that it is a mixture of the same ingredients as the gas a, the 
only difference being in the relative proportions of the two; and if 
we apply the foimube before given, we obtsin the annexed values for 
(i) and (y) : 

ANALYSIS NO. 11. 
X = 8*17 

y = 10*58 

ANALYSIS NO. Ill* 

X = 3.74 
y = 1066 

From which, omitting the> nitrogen, we obtain the following per- 
centage composition : 
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X. 


n. 


Elayl 


2-78 




Ethyl 


22*41 


25*26 


Methyl 


74*81 


71-97 




100-00 





The detennination of the atonuc constitatum of the eryatallme 
body from which this gas is evdvedy would be attended with great 
difficulty^ as it is rapidly decomposed cm coming in eontact with 
the atmosphere^ the crystals becoming ahnost instantaneously brown 
with the simidtaneouB production of an oxyiodide of line. 

If, instead of allowing the tube to stand for twdve hours^ as in the 
above instance, water be poured upcm the residue immediately after 
the gas a has ceased to be evolvedj the resulting gaseous mixture 
differs widely from that just described, in the relative proportions of 
ethyl and methyl composing it, as is shown by the following analysis 
of gas thus prepared and collected over mercury ; the elayl, which was 
present only in small quantity, and the vapour iodide of ethyl were 
removed by the introduction of a coke bullet saturated with fuming 
sulphuric acid, and the sulphurous acid, &c., by the subsequent 
insertion of a potash ball. The gas was perfectly diisorfoed by 
aloohd, and therefore contained no trace of nitrogen. 



l^erence o€ 

Tonp. mereurf Barom*. 

C. IrVCl. 

139*0 8*3" 577'5n»n» 732'2"'" 



Observed 

vol. 



Corrected vol, 
at 0* C and 
l" pressure. 

19-76 



487-9 8-30 213-2 „ 731-6 „ 241'5d 



After combustion 
(moist). 



Gas used (moist) 

AfttT admission of 
atmospheric air 

(moist). 

(moSf"" ^l-*" 

} 502-9 8-8» 199-2 „ 781-0 „ 256-55 

These numbers lead to the proportion : 

X : y = 9-47 : 10 29 

Or in 100 parts: 

Methyl . • . 52 07 
Ethyl . . . 47*98 



100-00 
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. It appears^ therefore, evident that tlie easily coadaudble ethyl is 
merely mechanically retained in the intanstioes of the crystals^ and 
gradually evaporates under ordinary atmospheric pressure^ but^ as 
the absolute volume of methyl does not perceptibly diminish under 
the same eireumstances, it is highly probable that the latter body 
enters into the chemical constitution of the crystsls. 

"From the foregoing facts^ the decomposition of iodide of ethyl by 
sine may be thus ezpreseed : 



whilst the iodide of sine combines with a small proportion of methyl^ 
forming a white crystalline compound^ probably of definite, consdtu* 
tion. The analyses of the gas a indicate a slight excess of methyl 
over elayl^ which wouldj to a small extent, have been increased had 
the gases a and been collected in the same receiver; this excess of 
methyl over elayl is without doubt caused by the presence of a trace 
of moisture either in the iodide of ethyl, or adhering to the sinCj 
since, as will be shown below, iodide of ethyl and water in contact 
with sine are decomposed into oxyiodide of sine and two volumes of 
pure methyl. 

As ethyl must have a considerably higher boiling pouit than either 
elayl or methyl, it might be expected that, on breaking off the 
extoemity of tiie decomposition tube, the two last named bodies 
would escape first, and that the gas produced by the ebullition of 
the last portion of the condensed fluid would be pure ethyl; to 
sseertain if this were tl^e case, a couple of tubes were charged and 
subjected to heat, as before described, their capillary extremities 
were afterwards broken off under quicksilver, and the gas allowed 
to escape until it issued in a slow regular stream, the beaks of the 
tubes were then brought beneath a receiver filled with mmury, in 
which the remainder of the gas was collected* 180 c.c. were 
obtained from the two tubes. Any dayl or vapour of iodide Of ethyl 
fhat might be present was absorbed by fbming sulphuric acid, the 
vapours of which together with sulphurous add being afterwards 
removed by a bullet of fused potash. : 

Two analyses of the gas, made with all the before mentioned pre- 
cautions, gave the following numbers : 
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I. 



Qhaiiniml Difference of Corrected vol. 

^fS^ Temp. mereury Baimn'. «tO»C.«id 

C. Ipvel. 1™ pressttre. 

Gas used (moist). 90*0 12*6^ 626*0°^ 761*1"^ 9*82 

After admission of] 

atmospheric air [ 475*9 12*6^ 216*4 „ 751*2 „ 238-32 
(moist). J 

^'S!''''' ^^'^ ''W'^- ^^-^ 

^oisr'"''"} 12-50 752-0,, 24M7 

^^jy '*^} 4861 1170 256-0 „ 758-8,, 208-87 

617-7 IZ'4P 88*2,, 758-2,, 892*92 

^^^"*^}5»2 12*60 148-4,, 7528,, 81100 

IL 



Gas used (moist). 
After admission of 
atmospheric air 

(moist). 
After admission of 

O (moist). 
After combustion 

(moist). 
After absorption of 

CO2 (dry). 
After admission of 

H (dry). 



These analyst s exliibit the followmg relations between the volumes 
of combustible gas^ oxygen consumed, and carbonic acid generated : 

Vol. of comb. gM. O. coonumd. 00* l 

L 9*82 68-47 fl8-80 

si: 6*46 : 8*96 

U. 10-40 67*26 41-50 

= 1 : 6-47 8-99 



Observed 
vol. 

91-8 


c. 


Diflference oC 
Biensnry 
leveL 

628-1— 


BtnmF. 
762-7^'" 


Corrected toL 
atO>C.aBd 
iB pressnn. 

10-40 


471*2 


18-(r 


219*9 „ 


752*6 „ 


284-56 


5851 


12-9* 


160-6,, 


761-7 „ 


296*86 


498-8 


12-8' 


1940 „ 


761-1 „ 


260-19 


454*8 


IS-O* 


287-2 „ 


741-6 „ 


218-69 


644-7 


18-r 




740-8,, 


416*41 


582*7 




151*8 ,, 


7400 „ 


293-89 
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The gas consists, therefore, of 
pure ethyl, which theoretically con- 
sumes 6\ times its volume of oxy- 
gen, and generates 4 times its 
volume of carbonic acid, numbers 
which agree almost exactly with 
those found in the above analyses. 

Although the results just given 
scarcely admit a doubt as to the 
identity of the gas with the radical 
ethyl, yet, in order further to 
assure myself that the gas was sin- 
gle, and not a mixture, I submitted 
it to diffusion, which at the same 
time served to control the previous 
specific gravity determination. For 
this purpose a glass tube {A Fig. 3) 
10 inches long, f inch in diameter, 
and furnished with an etched 
millimeter scale, was used ; it was 
stopped at one extremity (a) by a 
plug of gypsum {b) 5"" in thick- 
ness, the end of the tube being so 
ground, that whilst it could be 
closed perfectly gas-tight by the 
smeared glass plate (c), the latter 
rested very nearly in contact with 
the surface of the plaister plug. 
Before use, the instrument was 
calibrated in the usual manner, 
the stratum of gypsum perfectly 
dried, and the upper end of the 
tube closed by the glass plate : one 
leg of a small syphon being now 
inserted into the open extremity of 
the tube A, the latter was im- 
mersed with its mouth downwards 
in the vessel B, filled with quicksil- 
ver, until the metal came in contact 
with the inner surface of the 
plaister plug; the syphon being 
removed, the tube remained filled 
with quicksilver, whilst the pores 
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of the gypaum eontinued open. The gas^ perfeeily freed from 
moisture^ was now introduced, its volume noted with the proper 
precautious^ and alter the tube had been so adjoated^ by means of a 
vertically aUding holderj that the inner and outer quickulver aurfacea 
atood at the same lerel, the glaaa plate waa removedy ai^d the diffiision 
commenced. During the operation, the volume of the gas gradually 
increased; and therefore to preserve it at the exact preasoze of the 
atmosphere^ it was necesaary to keep the inner and outer mercury 
at the same levels by slowly rsising the sliding header. When the 
diffusion had continued for 10 minutes^ it was interrupted by 
replaciug the glass plate in its former position, and the gas, being 
first dried by a bullet of potash> its volume was again read ofif. 

The mixture of gas, and atmospheric air tiius obtained, was divided 
into two portions, one of which was introduced into a short eudio- 
meter, for the determination of the relative quantities of air and gas 
present, and the other transferred to a combustion eudiometer, in 
which it was exploded with atmospheric air and oxygen, the necessary 
proportions of the two latter being calculated from the composition 
of the gaaeous mixture as mdicated by absorption with alcohol in the 
short eudiometer : 

I. 

Determmation of the augmentation in volume during diffusion. 

, Difference of Corrected vol. 

UDservea .j, mercuiy Barom'. atOoCud 



Gas used (dry). 138-2 14-2^ ld*4»« 741*9-» 95*70 
After difiuBion (dry). 158-3 14-10 8-0 ,> 741*9,, 111-22 

The estimation of the relative quantities of combustible gas and 

atnisophcric air present in the mixture after diffusion, gave the 
followiug numbers : 

IL 

f.. ■» Diffeieoce of Corrected vol. 

1!I7 T«mp. mcKcniy BnoakF. aftO'>€.aiid 
C. l«pmsaxe. 

Gas used (moist). 115-1 14'0P 57-»»- 745-ff»» 74-09 

After 
alcohol 



isea ^moisi;i. ixo'x x«w — ywo — #»w 
^^sorption by 56-4 14-0» 8M „ 745 8,, 34 3)i 



The mixture contained, therefore, in 100 parts : 

Combustible gas • . . « 53*68 
Atmospheric air . . • • 46*82 

1000 
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From these munbeni^ taken in connection with those given in 
No. 1^ the volume of air which had entered^ and the vohmie of gas 
that had escaped^ dozing the diffosiony ate found to be as follows ; 

Volume of sir entered . « • .51-52 
Volume of gas escaped . . • • 86*00 

The combustion of the second portion of the same mixture, in the 
large eudiometer^ gave the following results : 

III. 

nhaorvMi Diflference of Corrected vol. 

'^®"P- '"'•'■'^"n^ Btnim'. at 0« C. and 

™** C. level, 1"' pressiu-c. 

Gas used (moist). 134-6 U'2° 583-2°^ 741-8*- 18-68 

After admission of I ^^.^o y^i.^ 235-86 

air (moist). J " " 

^^J^;' 181-2 „ 741-6,, 829-17 
^^.^^j"*^^*^^^} 648-8 18-70 162-2,, 742-0,, 294-16 
^^*^(^^^^^^}4Q5-6 18-6'> 207-4,, 744-8,, 253-64 

Analyses No. 11. and No. III. show that 18-68 vols, of the gaseous 
mixture contained 10-08 vols, of combustible gss, which consumed 
66*60 vols, oxygen, and generated 40*62 vols, carbonic add, numbers 
which express the following proportion : 

Td. of comb. gM. 0. consumed. GO* gmerated. 

1 ; 6*53 : 4-04 

Hue gas has, therefore, suffered no change in its state of condensa- 
tion, or in the relative proportion of carbon to hydrogen, by being 
submitted to diffusion, a result which can only be produced by a 
single gas, or by a mixture of two or more gaseous bodies, whose 
relative propcsrtions are expressed by their diffusion eo^cients ; the 
latter case must necessarily be of very rare occurrence, and in the 
present instance can scarcely be admitted as possible. This method 
might, in almost every case, be employed with advantage, to deter-, 
mine whether or not any specimen of gas be simple or mixed. 

The determination of tike specific gravity of ethyl, from the above 
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&cts, depends upon Graham's well-known law, that tlie r^idity widi 
wliidi gases diffuse^ is directly as their volumes^ and inversely at the 
8q[iiare roots of their densities ; thmfofc^ if we denote the volume of 
air which entered the diffusion apparatoB by {a), the volume of gas 
escaped by (b), and the required specific gravity of the gas by 
we have the foUowing equatioa : 

a : b =s 1 : 1 

from which the following value for x is obtained : 

a« 



If in this equation, we snbstitute for (a) and (b) the numbers deduced 
from analyses U. and III. we obtain : 

The specific gravity of the mixture of ethyl, methyl, elayl, and 
nitrogen, was found by weighing, to be 1*525, from which the 
specific gravity of ethyl is calculated to be 2'0462, a number closely 
corresponding with that just given. 

By employing a long diffusion eudiometer, provided with a 
mechanical arrangement for regulating the pressure, and by using a 
perfectly dry porous substance in the place of gypsum, the specific 
gravities of gases could, no doubt, be determined in this manner with 
very great accuracy. 

The whole of the above facta taken together, prove beyond doubt, 
when iodide of ethyl is decomposed by zinc, at an elevated tempera- 
ture, and that the radical ethyl is present amongst the gaseous pro- 
ducts, and may easily be separated in a state of perfect purity. 

Ethyl is a colourless gas, possessing a very slight etibereal odour,* 
burning with a brilliant white flame, and having a specific gravity of 
2'00^94-. According to the combined results of the specific gravity 
and eudiometrical experiments, it contains 2 vols, of carbon vapour 
and 5 vols, of hydrogen condensed into one volume. 

* lUi odmnr, wUeh ii al flnt nry itioug, probably depends upon the pmenee of 
atneedftonwlbnigii body, lor alker pmifleation byttanfiag ovw nater, sad tubie- 

queni treatment with fuming sulphuric acid, it almost entbdy dilqnpcin ; pofbclly 
jpnre ethil i»t therefore, probahly, like methyl, inodorous. 
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2 vols, carbon ympum • ..a 1*66844 

5 vols, hydrogen . • . . 0*84550 

1 vol. ethyl gas ... * 2 00394 

1^ by ditfusion . . 2*0481 
It is incondensible at a temperature of 18^ C* 0*5^ F.). 



Allowed to stream slowly through a serpentine glass tube, immersed 
in a freezing mixture at — 18° C, it retained its gaseous condition 
unaltered, bnt at 3' C. (37*5° F.), and exposed to a pressure of 2\ 
atmosplicres, in an Oerstedt^s hydrostatic condenser, it is converted 
into a colourless transparent and mobile liquid, which instantly reas- 
sumes the gaseous condition on the pressure being removed ; its boiling 
point, at ordinary pressures, may, therefore, be estimated at about 
— 23° C. (9-50 P.) 1 vol. of absolute alcohol, at U-^^ C. (SS^ F.), and 
744-8™™ pressure, absorbs about 18*13 vols, of ethyl : agitated witli a 
small quantity of alcohol, over mercury, the gas rapidly disappeared, 
with the exception of a small bubl^le, which did not amount to per 
cent, on afterwards throwing up a few drops of water, the alcohol 
assumed a milky appearance, followed by a rapid disengagement of 
gas, which, in a few seconds, amounted to very nearly the original 
volume. Ethyl is not acted upon by fuming sulphuric acid ; it is 
scarcely affected by concentrated nitric acid and chromic acids, and 
does not combine with iodine or sulphur, even on the application of 
heat ; in the case of the latter element, sulphuretted hydrogen is 
copiously evolved, and carbon separated, as the temperature approaches 
redness. Mixed with half its volume of oxygen, and conducted over 
spongy platinum, it remains unchanged at ordinary temperatures, but 
on a gentle heat being applied, the sponge becomes incandescent, 
water is formed with the simultaneous separation of a small quantity 
of charcoal, and a gas, probably light carburetted hydrogen, insoluble 
in alcohol, bunnng; with a feebly illumniating flame, and generatmg 
much carbonic acid, is the remammg product of the decomposition. Like 
methyl, ethyl is not absorbed by perchloride of antimony, even under 
the influence of bright sunlight ; chlorine has no action upon it in 
the dark, but when equal volumes of the two gases are exposed to 
diffused daylight, combination rapidly takes place, accompanied by 
a contraction of volume, and the production of a colourless hquid. 
Bromine also acts upon ethyl, when exposed to bright sunUght, with 
the application of a gentle heat. I have not yet completed the 
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ezaminatioii of the producto of this ttnd the fonner reaction^ and 
miut^ oonieqiifiDily, defv the oommuniGatioiL of further details to a 
future opportnni^. 

In the hope of avoiding the formation of methyl and ebtyl, during 
the prepaia^n of ethyl, I was led to try what influence the presence 
of wator, alcohol^ and ether, would have npOn the deoompoaition of 
iodide of ethyl hy sine, and although the expectation of preventing 
the secondary decomposition of the ethyl was not realized, yet the 
results of the experiments are, in other respectsiy not wholly 
uninteresting. 

ACTION OF ZINC UPON IODIDE OF ETHYL IN PB£SBNCE OY 

WATEE. 



Equal volumes of water and iodide of ethyl were introduced together 
with zmc into a dccomposituwi tube, which was then exhausted, 
hemieticallv scaled, and exposed to heat, as before described ; dccoTn- 
position commenced and proceeded at a lower temperature than 
that rc(|iiired for inducing the action of zinc upon iodide of ethyl 
alone; the fluid contents of the tube lircame thick and olcagcnous, 
and dnrinor the subsequent cooling soHdiricd to a white, soft, 
amor])kous mass. On afterwards opening the tube, under sul- 
phuretted water, a large quantity of gas rushed out with cxreat 
violence, and was collected in the apparatus, with the pr( eautions 
already described. No gas was evolved on subsequently treating the 
residue with water. 

The eudiometrical examination of the gas gave the following 
results : 



I. 



Gas used (dry). 

After action 
fuming SO3 (dry) 



of^ 



Obaemd 

vol. 

65-9 

55-9 



Diffinoioe of Gorreeted voL 

Temp. mercury Bsroiii'. ttO*G«sn4 

C. level. 1" pressure. 

7'4P 74*9'""* T^l'd"* 36-27 



7 7° 73-3 „ 739 8 



36-24 



The gas remaining after the action of fuming sulphuric acid was so 
nearly absorbed by alcohol, that the extremely small residue could 
not be estimated. 
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11. 



Dill^raioe of Corr. vol. at 



Observed Temp. 

vol. C. 

Gas used (moist). 100*5 8-0° 
After fiflmission of 

atmospheric air ' 514'1 8*0° 
(moist). 

After explosion! 3.^ ^.go 

(mo»t). # " 

After absorption! ^^.^ -.^ 

of CO, (diy). / ^ ^ 

After admission of i - ^ ^.-,0 

H(dry). > 717 9 ^7 

III. 

Gas used (moist). 155*0 8*2^ 
After admission of] 

atmospheric airi- 521*2 8*0^ 
(moist). J 

After absorption of 1 -.qq 

C02(dry). / 

After admission of 1 guttt.-i o.io 

H (dry). / 
After 



• explosion-. go 
(moist). J 



mercury 






vol. 








pressure. 


621-3' 


nm 


739 6°*" 


10*77 


187-9 




7390 


99 


271*25 


162-7 


M 


738*5 


$9 


298-21 


1883 


99 


7380 


99 


270*69 


2120a»n» 


738*1™" 


249-78 


10*2 


U 


737*9 


99 


508-08 


lOO'l 


)> 


73/ '8 


Ji 


374*40 


558*6 


99 


737*8 


>i 




1^*1 


99 


787*8 


99 


277*08 


135-1 


99 


737*7 


99 


33100 


1931 


a 


7380 


i) 


265-79 


246-2 


it 


738*8 


>i 


215-24 


620 


99 


787*9 


99 


448*04 


82*7 


99 


736-9 


99 


894*12 



These analyses show that the gas does not contain a trace of 
elayl, and further, that it requires for its combustion 8i Tols. of 
cxygen generating 2 vok. of carbonic acid : 

Vol. of comb. gas. 0. consumed. CO. gcucrated. 

Analysis II. 10*77 37-60 '20-91 

« •! 3-50 1-91 

Analysis III. 2^ 75 90-01 50 u5 

= -1 3*50 197 

VOL. II. — NO. VII, V 
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These are, however, precisely the results obtained in the analgia 
of iiu thyl* with which this gas exactly coincides in all its properties. 
It IS colourless, nearly insoluble in water, but soluble in alcohol, 1 
vol. of which, at 8-8'^ C. {iS^ F.) and 665-5°"» pressure, absorbs 1*22 
volumes; it p(iss(>ise8, at first, a slight ethereal odour, which, by 
heating the gas lirst with alcohol^ and afterwards with concentrated 
sulphuric acid, entirely disappears, leaving the methyl perfectly in- 
odorous. It is incondensible at a temperature of — 18^ C. ( — 0*5° F.) ; 
mixed with chlorine it remains unacted upon in the dark, l>ut m 
difFuscd daylight the colour of the chlorine rapidly disappears, proving 
that combination has taken place ; it does not combine with iodine 
or fjulphur even when these substances are heated in the gas. 

There can, therefore, be no doubt, that the gaseous product of the 
decomposition of iodide of ethyl and water by zinc is pure nierhyl, 
and that it is identical with the gas evolved by the action of 
potassium upon cyanide of ethyl,t and by the electrolysis of acetic 
aeid.t 

An attempt to condense methyl, by the application of pressure, was 
unsuccessful ; at 3*^ C. (37*5^ F.) and under a pressure of 20 atmo- 
spheres (the highest which the apparatus at my disposal would bear) 
it exhibited no signs of liquefaction. 

The white residue remaining in the decomposition tube, after the 
escape of the gas, exhaled a strong odour of ether, but contained no 
other organic substance, the white amoiphous mass consisted of 
oxyiodide of zinc. 

The formation of methyl by the action of zinc upon water, and 
iodide of ethyl is cxj)lained by the following equation : 

C4 Hj I + HO + 2 Zn = 2 (C3 H3) + Zn O, Zn I. 

The gener^tioiiof methyl, dunsg this decomposition, might also be 
explained by assuming, that the radical ethyl is split up into the 
groQpa (C, H2) and (C^ U^, and that the former is retained in the 
residue whilst the latter escapes as gas : to convince myself that this 
was not the case, I submitted a weighed quajatity gms.) of 

iodide of ethyl to the aetioii of water and flinc in the manner idready 
described ; after the decomposition waa ended, and the tube perfectly 
cooled, the latter waa opened, tlie gas allowed to escape, and the 
residue quickly mixed with cold oxide of copper and burnt in a 

♦ Quarterly Journal of the Chemical Society for April 1848| |». 65. 
t Journal of the Chemical Society for April 1848, p. 60. 
t Anfidqi da Chmiie. BA^vm* t. 279. 
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Gombustion tube, as in an ordinary organic analysis. The weight irf 
the potash apparatus increased by 0132 grms. equivalent to 0*036 
grms. carbon : this is, however, only i of the quantity of carbon 
nequired, if the products of the decomposition ire elayl^ methyl, and 
iodide of linc, for, on this supposition^ the residue from 2*268 grms. 
iodide of ethyl, containing the corresponding quantity of elayl, ought 
to yield 0*641 grms. carbonic aeid (s 0*175 grms. G.) instead of 
0*182 grins* as found in the above experiment. The occurrence of a 
large quantity <rf ozyiodide of line in the reaidne ia also, in itself, 
a sufficient proof that the ethyl on its separation from iodine is 
converted, by the assumption of an atom of hydrogen, into 2 vols, 
of methyl gas. 

This eonclosion is also tother confirmed by the fact, that iodide of 
ethyl and water heated in an hermdioally sealed tube to the tempera* 
ture employed in the above production of methyl, are transformed 
into ether, and a concentrated solution of hydriodic add. This 
formation of ether also explains the occurrence of that body in the 
white residue, and the production of carbonic acid on its subsequent 
Gombustion with oxide of copper. 

The transformation of iodide of ethyl, in contact with water and 
tine, into oxyiodide of sine and 2 volumes of methyl, furnishes a 
convenient method for ' preparing that radical in large quantities 
perfectly pure; upwards of 800 cubic centimetres being obtained 
from a single decomposition tube of the dimensions previously stated. 
It IB necessary that the operator should tske precautions to preserve 
himself from the danger attending the possible explosion of the tubes 
during the decomposition ; the apparatus ought, therefore, always to 
be enroled in a strong wooden ease, open behind, and having a double 
plate-glass window in front through which the progress of the 
operation may be watched. The quantity of iodide of ethyl intro- 
duced into each tube of the above dimensions, ought not to exceed 
8*5 grms., and the temperature of the oil-bath should not be allowed 
to rise above 180^ C. (856<^ F.) During the whole of the foregoing 
experiments, no instance of explosion occurred, although the pressure 
within the tubes must, in many instances, have amounted to between 
80 and 100 atmospheres. 

ACTION OF SING UPON lODIDB OV ETHYL AlfO ALCOAOL. 

This experiment was conducted in precisely the same manner as 
the last, absolute alcohol being substituted in the place of water. 

u 2 
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The appearances presented during decomposition^ and the quantity 
of gas evolved on subsequently opening the tube, were almost 
exactly identical with those obsenxd in the decomposition of iodide 
of ethyl in the presence of water. The residue, in which the odour of 
ether was easily recognized^ did not evolve a further quantity of gas 
on the addition of water. 

The eudiometrical analysis led to the following results : 



L 



After action of 
fuming SO3 (dry). 
After removal of 
specimen forcom- 

bustion (dry). 
After absorption 

by alcohol. 



} 



After admission of "| 
atmospheric air > 

(moist). J 

After admission « n 
of O (moist). J 



After absorption 
of COs (d^). 

After admission 
of H (dry). 







Diff. of 




Coir. YoLit 


Obienred 


Temp. 


mercury 


Bsnmiettt; 


O'C.iDd 1 


vol. 


C. 


level. 




preMure^ 


1227 


8-80 




732*3iniii 


86-82 


120-9 




8-2 „ 


740 0 „ 


85-89 


84-3 


900 


43-8,, 


732-6 „ 


56*21 


81 


8-6« 


81-9 „ 


782-1 „ 


2*06 




IL 


• 










Dfff.<if 




CoKT. vol* tdb 


Obimed 


Temp. 


mercury 


Biffometer. 


(fi C. and 1" 


vol. 


C. 


level. 




pressure. 


136-7 


800 


576-9 „ 


7410 „ 


20-73 


5040 


8-3° 


192-6 „ 


741-3 „ 


264-37 


574*6 


8-40 


128-7 „ 


741-1 „ 


836-81 


526-3 


8-20 


172-3 „ 


740-9 „ 


286-39 


482-3 


7.90 


213-2 „ 


738-2 „ 


24608 


702-0 


8-O0 


23-7 „ 


737-7 „ 


486-95 


5GG1 




140-9 „ 


737-3 „ 


323-4i 


proves 


the absence of ela 


yl and the 


presence of 
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proportion of combxistible gas to oxygen oonsomed and earbonie 
acid generated : 

Vol. of comb. gas. O consumed. CO3 generated. 

19-97 70-76 40-31 

= 1 : 3-54 : 202 

The gas has^ therefore^ ihe same composition and state of con- 
densation as tluit evolved by tbe action of zinc upon iodide of ethyl 
and water, with which it also exactly coincides in physical properties. 
The presence of oi^iodide of sine and ether in the residue leave no 
room for doubt that 1 eq. iodide of ethyl^ with 1 eq. alcohol and 
2 eqa. zinc, give ii8e*to2 eqs. methyl, 1 eq. ether, and 1 eq.oxyiodide 
of zinc: 

C,H,n 2(C,H3) 

a H. o. HO y C4 H, 0 

2ZnJ ZnO.Znl. 



ACTION OF ZINC UfON I0i>ID£ Of ETHYL AND BTHEA. 

Equal volumes of iodide of ethyl and ether were heated with 
zinc in a sealed tube, to a temperotuie of about 150*^ C. (302^ F.)> 
until the action appeared complete : on being allowed to cool, the 
residual thick, oily fluid did not solidify. When the -beak of the 
tube was afterwards broken off, only a few cubic inches of gas 
were evolved, but, on pouring water upon the residue, a strong 
e£fervesoence, produced by the diseogagement of a much larger 
volume of gas, occurred. The two specimens of gas were collected 
in the same receiver, and, on being submitted to analysis, yielded the 
following results: 

L 

Observed 
voL 

Gn^ used (dry). 185-2 

by so, (di^). / "^'^ 
After removal of] 

specimen for com- y 105*7 

bustion (dry). J 

After absorption "\ „ 4 

by alcohol. / ^ ^ 





Diff. of 




Corr. Tol.at 


Temp. 


mercury 


Barometer. 


<y>C. and 1» 


C. 


level. 




pressure. 


12-90 


19-7°"" 


744-2™'° 


128-12 


13-00 


4-3 „ 


741-4,, 


123-20 


14-8« 


65-8 „ 


746-9„ 


68-31 


141'^ 


n-2„ 


746-4,, 


4-58 
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Gas lued (mdat). 48*8 

After admission of 1 

atmospheric air V 812*6 

(moist). J 
After admission of \ 355.5 

O (moist). J 
Alter combustion i gQg,g 

(tnnisit). J 
Alter absorption of 

CO, (dry) 
Alteradmiasion of 1 



11. 

c. 
18-OP 



Difference of 



Corr. vol. at 

o*aiiidi" 



861*7— 74(H)"- 



18-P 92-2 



H. (dr^) . r 
daaionofi 



} 260*6 
888-1 

427-2 



After admiaaion 

O (diy). J- 
After comboationj^ 302*0 



12*7« 
12-r> 

12- 90 

13- 30 
18*4^ 



48*4,, 
98*1 
144*6 

14-8 

102*4 



99 



if 



789-8,, 

788-8,, 
739*4,, 
738-3 
737-9 
737-8 
787*1 



J9 



16*92 
189*88 

280*82 
186*67 
147-68 

267-87 
295 12 
179*40 



(moiat). 

Aooording to analyflis No. I, the per-centage compoaitioii of the 
gas may be thus expiesaed : 

Gas absorbable by SO3 , , ♦ 3'84 
Gas unubsorbable by SO3 • • . 89*71 
Kitrogen 6*45 

100-UO 

Analyaia No. II, exbibita the foUowiDg relation between the 
Tohunes of combuatible gas, oxygen consumed and carbonic acid 



ToL of comb, gas, 
15*88 

B 1 



O contamed. 

67*81 
4*25 



CO^genentod. 

88*99 
2*46 



These numbers indicate tbat the combustible gas, not absorbed 
by fuming sulphuric acid, is a mixture, one of the constituents of 
which must have a higher atomic weight than methyl. From the 
small residue left after the action of alcohol, which precludes the 
presence of hydrogen and light carburetted hydrogen, from the 
occurrence of elayl, and the behaviour of iodide of ethyl in contact 
with zinc, alone, and m presence of water and. alcohol, we may 
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safely fx)nclude tiuit tlie gas in question is a mixture of ethyl and 
methyl, and, on applying the formula previously given, we find 
that the 15 83 vols, of combustible gas, insoluble in fuming sulphuric 
acid« consist of 4*57 voU. ethyl and 11'26 vols, methyl: therefore, 
omitting nitrogen, the per-oentage oompontioii of the oiiginal gaa 
may be thui stated : 

Elayl 410 

£t1iyl 27*68 

Methyl 68-22 

100*00 

Although these experiments cannot by any means be considered 
as a complete investigation of the action of zinc upon iodide of ethyl 
in presence of ether, yet they afford sufficient evidence that the 
separation of the elements of water from the ether has been effected, 
producing a transformation of ethyl into 2 vols, of methyl; the 
elements of water have not, however, been so readily eliminated as 
altogether to prevent the formation of ethyl. The olcfiant gas owes 
its origin, no doubt, to the secondaiy decomposition ol a portion of 
the ethyl into (C2 H.,) and (C2 1 1 3), whilst the group (C4 H4), 
remaining after the separation of the elements of water from ether, 
would probably be found in a dark-coluuied oily liquid^ which 
collected in small quautity on the surface of the water poured upon 
the residue in the decomposition tube ; the composition of this dark- 
colomed liquid, mul the state in which the gases are retamed by the 
oleagenous residue, have not yet been determine J, 

In conclusion, I will describe, very briefly, the beha\aour of iodide 
of ethyl in contact with several other metals, at elevated tempera- 
tures : after exposure for 12 hours to a heat \ nrymg from 150^ to 200* C. 
(30.2" — 392° F.), iron, lead, copper and laeieiiry scarcely affected the 
decomposition of a trace of iodide of ethyl ; but heated with arsenic to 
about 160® C. (320" F.), the iodide was rapidly decomposed, a heavy 
blood-red liquid, probably As I3, being formed, which sohdifies into 
brilliant crystals on cooling. The opening of the tube proved that the 
internal vacuum was unimpaired, and the crystalline mass evolved 
no gas on being treated with water, in which it was very slightly 
soluble ; the remaining fragments of arsenic possessed a remarkably 
brilhant metallic lustre, which gave them the appearance of anti- 
mony. Tin also effected the decomposition of iodide of ethyl, at 
about the same temperature ; the iodQde became gradually replaced 



Digitized by Google 



296 MR* FB&NKLAND OK THB OBQANIC RADICALS. 

by a yellowish oily fluid, which solidified to a crystalline mass on 
cooling : no gas was evolved either on opening the tube or subse- 
quently treating the residue with water. It would be interesting to 
ascertain into what combination the radical ethyl enters in the two 
hist decompositions. Finally, iodide of ethyl is rapidly decomposed 
by potassium, at about 130*^ C. (266^ F,); methyl gas, and a yellowish 
ethereal fluid which has not been investigated^ are the products of the 
decomposition. 

Although the foregoing investigation furnishes the materials, yet 
I refrain from giving any general views on the probable constitution 
of the radicals of the series to which ethyl and methyl belong, until 
I have extended the inquiry to some other members of the same 
series, as well as |to the compounds of the electro-negative class of 
radicals of which formyl^ acetyl^ &c. are members* 
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November 5, 1849. 

The Pkvsident in the Chair. 

The following donations to the Society's libnij* sinoe the last Meeting, 
were announcecl. 

" Report of the Smithsonian Institution," and " Smithsonian Contri- 
butions to Science,** Vol. I. from the Institution. 

" Contributions to the Science of Agriculture/* by J, F. "W. Jolmstone^ 

from the Author. 

*' De Sahva,** by Nicolaiis Jacuho\vit!*cli," and "Die Diagnostik ver- 
dacbtiger Flecke in Crlmiuultallcn," by Carl Schmidt, from Dr. Sclimidt. 

"On themotiou of Gaaes," Part H., by Thomas Graham, Esq., from 
the Author. 

" Proceedings of the Boyal Society of Edmbnrgh," Nos. 33 and 34» 
fiom the Society* 
Mr. Henry SugdenEvaiis, was elected a Fellow of the Society. 
The foflowing Papers were read : 

XXIX. — On a new series qf Orgeank Bodies eontmatiing Metale 

and Phosphorus. 

By £. F&ANKLANJ>^ Ph. D. 

Since submitting to the Society my Memoir on the Action of 
Zinc upon Iodide of Ethyl^ I have been engaged in investigating the 
action of the same metal upon the corresponding methyl compound ; 
the results, which I shall communicate in a future paper, are nearly 
analogous, methyl gas is disengaged, and a white erystalline residue 
remains in the decomposition-tube. The peculiar behaviour of this 
residue with water, which decomposes it, producing brilliant flame, 

VOL. II. NO. VIII, z 
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and cannng the evolution of pnie light curbvetted hydrogeD^ indaced 
me to study it more closely. When the suhfttance was subjected to 
distillation in an apparatus filkd with dry hydrogen, a cdiowrlcss peLlu- 
cid liquid, possessing a peculiarly penetrating and exceedingly nauseous 
odour, condensed in the receiver ; this liquid spontaneously inflames 
on coming in contact with air or with oxygen, burning with a 
brilliant greenish-blue flame, and forming dense clouds of oxide of 
sine ; its vapour, mixed with a large excess of methyl and light csr- 
bnretted hydrogen, does not inflame spontaneously, but on bdng 
ignited, bums with the characteristic flame, depositing upon cold 
surfaces held within it a black crust of metallic sine, surrounded by 
a ring of oxide. This encrustation is easily distinguished firom 
arsenic by its ready solubility in dilute hydrochloric acid with the 
simultaneous evolution of hydrogen, and by the solution thus 
obtained affording no reaction with sulphuretted hydrogen. The 
vapour of this compound is highly poisonous, producing shortly after 
its incautious inhalation, all the symptoms of poisoning by sine* 
It decomposes water with as much violence as potassium, the small 
tube containing a few drops of the liqmd becoming red hot under 
water ; the products of this decomposition are oxide of sine and two 
equivalents of pure light carburetted hydrogen, from which it is 
evident that the body in question is composed of 1 equiv. methyl and 
1 equiv. ainc (C^ Zn), forC^ Hj Zn + HO=Zn 0+2(C Hj), and 
this view is confirmed by direct analysis. It is highly probable that 
this body, which for the present I propose to call Zinemetkyl, plays 
the part of a radical, combining directly with oxygen, chlorine 
iodine, &c., but my experiments are not yet sufficiently complete to 
enable me to state this positively. 

A corresponding compound, conteining ethyl, is also formed during 
the decomposition of iodide of ethyl by zinc : this body, which may 
be conveniently named Zincethyl, is less volatile, and possesses some- 
what weaker affinities than Zmcmethyl ; on decomposition with water 
it yields oride of rinc and methyl gas; Hj Zn + HO = Zn 0 + 
2(Cjj H3). The existence of this body satisfactorily explains the 
action of water upon the crystalline compound formed by the de- 
composition of iodide of ethyl by zinc, as well as the action of these 
latter bodies upon each other in tlic presence of water and of al- 
cohol ; whilst in the decomposition of ethyl by zinc in presence of 
ether, there can be little doubt that the zincethyl dissolves in the 
anhydrous ether without decomposition, ami is transformed on the 
subsequent addition of water lutu oxide of zinc and 2 vols, of methyl, 
thus showing that the presence of the latter body in the gaseous 
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products of the decompoaitioii is not owing to the decomposition of 
the dements of water bom. the etber^ as WM suggested in my fonner 
memoir. 

These facts render it highly prohable that, in the decomposition of 
iodide of ethyl by arsenic and by tin^ mentioned in the memoir above 
alluded to^ these metals combine with the ethyl, generating com- 
pound radicals analogous to cacodyl; in fact^ the product of the 
decomposition by arsenic exhales a most insupportable odour^ greatly 
resembling that which is so characteristic of this radical, whilst a 
similar decomposition of iodide of methyl would probsbly yield cacodyl 
itself. I have also found that the iodides of ethyl, methyl^ &;c.^ are 
readily decomposed by phosphorus, and as no gases are evolved^ it is 
not improbable that a series of bases containing phosphorus ana* 
logous to that of Paul Theuard Cg Hj, F={C,^ 11^ ^P, may result 
from this reation. 

The existence of hydropren compounds of arsenic, antimony and 
tellurium, and the substitution of ethyl and methyl for hydrogen in 
the new bases of Wui tz, ])oint out the striking similarity between the 
respective functions of thi sc radicals and of that element, and taken 
in connection with the above facts, sociii to warrant the expectation 
that most, if not the whole of the followiu'? compounds may be 
obtained. Those marked with an asterisk arc alieady known. 



Hydrofea 
•cries. 


Methyl Mrict. 


1 

Ethyl leries. jButyryl series- 


Valyl series. 


Amyl series. 


Phenyl series. 


ZdH 
AsH, 
Sb H„» 
P H.» 


ZnC- H,* 

sb(aH,)„ 


ZnC,Hj» ZnC.Uj 
SbCC.Hs^n Sb (rjl.\ 


ZnC, H 

As (Cg Hg)2 

Sb (('sH,)n 


Sb (CioHju 


As U,\ 
Sb(C,2 HJ. 
P CCaH.), 



With a view to obtain these bodies, most of which will probably 
be found to play the part of radicals, and combine directly with 
oxy2:en, chlorine, &c., I have made several ])reliniinary experiments 
which seem to promise success ; these, together with the complete 
description of the chemical relations of zinemethyl and zincethyl, I 
will communicate as early as the peculiar diihcuitics atteuding their 
investigation will allow. 



Dr. Hofmann exhibited a specimen of the zinemethyl he had 
obtained from Dr. Frankland, and demonstrated its spontaneous m- 
£auunability. 

X 2 
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XXX. — ReseareheB on the Volatile Organic Baae9. 
By Br. A. W. Hopuamn. 

y. ON THE ACTION OF ACIDS AND BA8B8 UPON CTANILINB. 

In describing the preparation of tlie sslts of cyanOine I had 
jrepeated occasion to aUudc to the rapid decomposition of this base 
under the inflaence of adds. I mentioned at that tim^ that nnder 
these ciretiinstances aniline was reproduced^ bttt I had not examined 
minutel J the other products of the same reaction. 

To complete the study of cyanillne, it became necessary to investi- 
gate care^^lly the phenomena of this decomposition. My attention 
was more particularly directed to this subject by the remarkable 
results^ which in the meantime had been obtained in the investigation 
of other organic cyanogen-compounds^ and by the hope of con- 
finning the somewhat unexpected formula which had been elicited in 
the study of this substance. 

Action of Dilute fields upon Ci/aniline. — Cyaniline dissolves with 
the greatest facility in dilute liydrochloric acid. By concentiTitcd 
acid the base is at once converted into the liN'drochloratc which^ 
like many chlorides, is insoluble in the acid, 1 have mentioned that 
the best method for obtaining the hydroclilorate, is to dissolve the 
base in the dilute acid, and to add immediately turning acid, when 
the sail IS directly precipitated in the form of white scales ; but that 
I had in vain tried to obtain it by concentrating the dilute solution. 
The crystals deposited on evaporation, are found to contain scarcely a 
trace of cyaniline. Some preliminary experiments pointed out at 
once the complex nature of this crystalline deposit, and a minute 
investigation proved that it consists of not less than five different 
compounds, which can be separated only with difficulty. 

To obtain these substances separate from each other, a sufficient 
quantity of cyaniline, half an ounce^ was dissolved in dilute hydro- 
chloric acid, and the liquid, which assumed a yellow colour, evapo- 
rated on the water-bath. The white crystalline mass thus obtained 
was washed with cold water, by which a portion was dissolved, which 
was found to consist entirely of chloride of ammonium and hydrochlo- 
rate of aniline. The solution, possessing iu a high degree the 
remarkable odour whieh I had repeated occasion to mention in 
former parts of this inquiry, was carefully tested for oxalic and 
formic acids, the usual products of the decomposition of cyanogen or 
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h} drocyanic acid, but not a trace of either of these acids could be 

detected. 

The residue, insoluble in cold water, was now repeatedly ex- 
hausted with boiling water, by means of which again a separa- 
tion was effected, leaving a slight crystalline residue, whilst the 
aqueous solution deposited on cooling crystals which were still a 
misture of two compounds, of which the one was much more soluble 
in water than the other. The compound left after treatment with 
boiling water was slightly coloured. It appeared desirable to purify 
it farther, previously to analysis, and as it was found to be soluble in 
alcohol only with the greatest difficulty, I availed myself of benzole 
which proved to be a better solvent, although even this liquid 
took up a very small quantity. On evaporating the benzolic solution, 
the body separated in shining scales, which became perfectly pure by 
washing with alcohol. A portion, thus purified, was subjected to 
combustion with protoxide of copper. 

0*3446 grm. of substance gave 
0*8795 „ „ carbonic acid, and 
01565 ,, ,, water. 

Correaponding to the percentage 

Carijoii . . 69-60 
Hydrogen . . 5 OA 

numbera which represent the composition of oxaniluie, 

as may be seen by the following comparison : 

Theory. 

14 equivs. of Carbon ... 84 70 00 
^ w n Hydrogen . . 6 5 00 

1 „ „ Nitrogwi ... 14 11-66 

2 „ „ Oxygen ... 16 13 34 

1 equiv. of Oxanilide ... 120 100*00 

The deportment of the substance with reagents removed the last 
doubt respecting its identity with oxanilide ; under the influence of a 
boiling concentrated solution of potash, aniline was evolved, oxalate 
of potash remaining behind. 

The aqueous solution filtered from the impure oxanilide, which^ 
as I mentioned, had deposited a crop of mixed crystals, was evapo- 



Experiment. 

6966 
5*04 
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rated to dryness, together with the cn^stals, on the water-bath. Thfe 
separation of this mixture was effected with concentrated alcohol, which 
left a yellowish residue, and tliis was found to be insoluble in cold, 
but sliirlitly soluble in boiling water. Deposited from this solvent 
after boilini:: with a small quantity of animal charcoal, it appeared as 
a snow-white, tasteless, inodorous powder. There was no difficulty 
in rccogiiizing oxamide even by its physical properties, and the ready 
convertibility of the substance into oxalic acid and ammonia, both 
by acids and bases, precluded the necessity for a combustion. 

It remained to investigate the compound which had been sepa- 
rated from the oxamide by means of boiling alcohol. It was depo- 
sited from this solution, partly on ooolingi partly after concentration, 
in snow-white, hair-like flocka, of a satiny lustre. One or two 
crystallizations from boiling water, ia which these flocks were likewise 
soluble, rendered them pure. This compound was also soluble in 
ether. It sublimed without decomposition, the sublifiiate being as 
light and mobile as precipitated silicic acid. 

I have prepared this substance four different times. Each prepa- 
ration was analysed by combustion. 



I. 0-2153 grm. 
0-IG93 
00980 
II. 0-3767 
0-8030 
01615 

III. 0-4083 
0-8706 
0-1781 

IV. 0-3811 
0-8124 
0-1676 

V. 0-4573 
0-5380 



» 

99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 



of substance gave : 
carbonic acid, and 



water. 



99 

substance gave : 
), carbonic acid, and 
water. 

„ sub st an re irave : 
carbonic acid, and 

wattT. 

substance gave : 
carbonic acid, and 



9f 



water. 



substance* gave: 
platinum. 



99 



Percentage: 

Carbon • 
Hydrogen 
Nitrogen • 



I. 

59-45 
505 



II. 

58-13 
476 



III. 

58-15 
4*84 



IV. 

5813 
4-88 



— — 16-71 



* Hie Mme pMpantton u tliaft oied in Analydi IV. 
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This percentoge TepreseEts the foimuk : 

H4 N O2 or Hg O4, 
which requires the foUowing values : 



16 equivs. of Carbon . 
8 33 Hydropren 

2 „ Nitrogen 



4 M ,3 Oxygen 





Mean of 


Theory. 


Bxpeiimeiiti. 


96 5853 


58-46 


8 4-87 


4-88 


28 1707 


16-71 


32 19-53 




164 100 00 





The mean of the analyses agrees much better with theory than the 
different experiments accord with each other. But this mny readily 
he explained by the long and tedious series of operations which the 
comppund has to undergo previously to analysis. It is obvious that 
the specimen employed in the first analysis must have still contained 
a little oxanilide^ whilst perhaps some oxamide may have adhered to 
the latter specimens. The eireumstanoes^ however, under which this 
compound is formed, and the products into which it is decomposed by 
acids and alkalies, leave no doubt respecting its composition. It is 
evidently a double compound of OspanUide and Oaamkle,* (Oxani- 
lamide), 

C„ Hg O4 = He N, C, 0, ; H,N, 0^ 

corresponding in composition to an analogous compound of car- 
banilide and carbamidc^t which, as 1 have shown, in my last commu- 
nication to the Society^ is formed m so great a variety of ways. 

* I have tried to obtain some farther coutirmatioa of this formula, by adopting 
anotiber meUiod of prepariog this singukr oompoimd. Oxttnethfttie (ozamate of ethyl) 
jkldiiig, when treated with amrounia, two equivalents of oxaimde, it appeared veiy 
probable, that by substituting aT ilinc for anunonia the desired oompound might ba 
Hoxmed according to the followiug equation : 

aH^CjO^, HaN,C,OL+ CaH,N=C4H,0,+ CuH«N,C,0,} H,N,CsO 

Osimetlieiie. Alcohol. OxanOeniide. 

I have not been able to verify this equation by experiment. Aniline appears to act bat 
slowly upon oxametbane : I have not, however, sufficiently varied the experiment ; it is 
possible that by continued action under pressure, by a certain temperature, or in the 
pxeienco of alcohol and ether, the decompoaitioii may be effected. Incidentally to this 
ezpoioient, I have tried the action of aniline upon oocalic ether. Oxanilide i» formed in 

this case but likewise only very slowly. 

f Carhanilamide havini^ the same composition as urea, iu which ammonia is replaced 
by aniime, and being formed under circumstances analogous to those which give rise to 
the fittmatim of imiiiiary niea, I Mt indined, when fint (Chem. 800. Hem. it. 300) I 
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Carbanilamidc . • C^^ N, C 0 ; HgN, C 0. 
Ozanilamide . . G^a O3 ; H^N, O^. 

Omulamide u soluble in a concentrated solution of potassa, witb 
which it cannot, however, remain in contact without decomposition. 
The solution is perfectly transparent, and acids precipitate un< 
changed oxanilamide; after a short period, however, varying with 
the concentration of the solution and the temperature, the liquid 
becomes turbid in consequence of the separation of droplets of aniline, 
whilst an evolution of ammonia at the same time becomes percep- 
tible. The solution now contains a large quantity of oxalic acid. 
The following equation explains this decomposition : 

n, 0^ + 2(110, KO) = 2 K C2 N + H3 N. 

' V — ' y ' 

Oxanilamide. Aniline. 

Dilute sulpliuric acid has no effect upon oxanilamide. Concen- 
trated acid evolves equal volumes of carbonic acid and carbonic Oxide^ 
Bolphanilie acid and sulphate of ammonia remaining behind : 

C,6 HgNg 04+8HS04=2C08+2CO+ C„ N Oe+H.N SO.. 

V- ^ ' ^ f 

Oxanilamide. Sulphauilic acid. 

The products of the action of hydrochloric acid upon cyaniline 
accordingly are : 

Chloride of ammonium, 
Hydrochlorate of aniline, 
Oxanilide, 
Oxamide, and 
Oxamide-oxanilide. 

Tlie f(jnriation of these substances is intelligible at the first glance; 
it is due to the propensity which even in its conjugated state 

firand tMs eomponnd, io consider it the urea of aniline ; inbaequent leMtrehes, how- 
ever* (Chem. Soc. Qu. J. ii. 35) showing that this compound has no hasic propertiet 

■whatever, iiuluced me to abandon this view, and to consider the so-called atiilo-urea as 
a double com]*oTiTid of carbamide and carbanilide. Since that period, the trae aniio- 
urea, possessing all the properties which we are justitied in expecting in such a com- 
pound, has l»een discovered Iqr M. Chancel (Conipt. Bend, xxviii. 293), wboliMind tiiat 
AitrobenzaTnide, discovered bj Mr. Tidd (Chem. Soc. Mem. nr. 404 ) when subjected to 
the action of hydrosulphuric acid, is converted into anthranihmide or anilo-urea. Tins 
compound is hasic hke ordinary urea ; it is isomeric vrith the substance described by me 
under the name of carbanikmide (carbamide-carbanilide) and produced especially by 
the action ni cyanic acid upon aniline, or. by the double decomposition of aniKnewialte 
yfith metallic c\ anates. — With regard to carbanilide, a substance of the lame compo- 
sition (?) has been of late obtained by MM. Chancel and Laurent (Instit. 1848, 95). This 
compound, ^avtne, which is formed by the action of hydrosulphuric add upon diui> 
ttobenzophenonei it basic ; it is only isoBMric not identiod with carbaniU^ 
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cj'BTiogen retains, to assimilate the eloiiicnts of water; one equivalent 
of cyanilirie and two equivalents of wad r contain the elements of one 
equivalent of ammonia and one equivalent of oxamlide : 

C,4 H, Na+2H0 + HCl=Cu Hg N, O^ + H^N CI, 



Cyaniline. Ozaailide. 

and they likewise represent one equivalent of oxamide and one 
equivalent of aniline : 

Ci4 N2+2H0+HC1=H, N, O^+Ci^ H. N, HCl. 



Cytniliiie. Ozaooide. Ilvdrochiorate of 

Aniline. 

The formation of oxanilamide requires no farther elucidation, this 
substance being a double compound of the two preceding bodies. 

The simultaneous production of oxamide, oxanilide, and the double 
compound, suggested the idea that the latter might be the principsl 
product of the reaction, whilst the two former would appear as 
resulting from a farther decomposition of the latter. This, however, 
does not appear to be the case. Often as I repeated this experiment, 
I invariably obtained the three compounds in nearly equal propor- 
tions, nor did I succeed in spUtting oxanilamide into its proxi- 
mate constituents by the action of dilute adds or alkalies, or by 
continuous ebullition. The application of heat likewise, which in the 
case of carbanilamide had led to such decided results, was unsaccessful, 
oxanilamide, as mentioned before,being volatile without decomposition. 

The action of dilute sulphuric add on cyaniline gives rise to per- 
fectly similar phenomena. 

The deportment of cyaniline with dilute adds offers an unequivocal 
proof of the correctness of the formula, which I have proposed for this 
compound. Ouly in direct combination with aniline is cyanogen 
capable of yielding oxanilide and oxamide; had it been present in 
the state of hydrocyanic acid, as e. g. in hydrocyanoharmaline, for- 
manilide and formamide would have been Uie products of decompo- 
dtion; lastly, if cyaniline had been produced in consequence of a 
substitution-process, we should have expected the formation of cyanic 
add, and a corresponding compound in the aniline-series, or their 
products of decomposition, carbonic add, &c. 

Action of Concentrated Sulpkurie Add on CyainUne* — ^Not less 
eharacteristie of the constitution of cyaniline is the deportment of 
this substance with concentrated sulphuric acid. It dissolves in this 
add with a violet colour ; the solution, when s%htly heated, evolves 
equal volumes of carbonic add and csrbonic oxide; on strongly 



UiQiiized by Google 



306 OA. HOFMAMN ON TH£ 

heating, the proportion of carbonic oxide decreases, sulphurous 
acid being disengaged ; after cooling, the liquid solidifies into a crys- 
tallinc mass of sulphanilic acid^ sulphate of ammonia bemg formed 
at the same time : 

C 1, H +2H S04+2H0=Cij N 83 S04+CO,+C0. 

Cyaniline. Solpluuiilie acid. 

The deeompoaitum lUiutnted hj the preceding equation^ is in 
perfect accordance with the assumption ot a direct combination of 
anilme with cyanogen ; if hydrocyanic acid had been present, car- 
bonic oxide only could have been evolved, while in the case of 
cyaniline being a substitution-product, the action of sulphuric acid 
should have given rise to the disengagement of carbonic acid only. 

Action of Bromine upon Cyaniline. — I have made a few experi- 
ments on the deportment of cyaniline with bromine, the results of 
which are perfectly intelligible after the preceding remarks rcspcct- 
iiig its beliaviour with acids. 

Cvaniline is violently attacked by bromine; the first product of the 
actiou appears to be a substitution-body, most probably tribromo- 
cyaniline; under the influence, however, of the free hydrobromic acid, 
formed ui the rcurtKm, ■md assisted by the simultaneous evoluLion of 
heat, the greater part of the cyanogen-base undergoes the chanpres 
which I have detailed in the preceding pages ; and the aniline 
separates in the form of tribromaniliue which, if alcohol has been 
present in the reaction, crystallizes in beautiful needles, as soon as the 
solution has become cool. The bromine-body was identified by 
analysis. 

0'4000 grm. of substaiuc irave 
0*3815 „ „ carbonic acid, and 
00575 „ „ water. 

Experimental Theoretical percentage 

percentage of in tribromaniline* 

Carbon . . . 22*60 22*50 
Hydrogen . . . 1*59 1*25 

Action of Alkalies upon Cyaniline, — This substance is only yery 
slowly and difficultly attacked by potash or soda. Cyaniline may 
be boiled with either an aqueous or alcoholic aolution of potash for 
hours, without uudergoing the alightest change. Only when fused 
with solid potaah does decomposition take place, aniline, together with 
ammonia, being evolved. I naturally eq>ected that the reaidne 
ahonld contain oxalate of potash ; but in repeated experiments not a 
tiaoe of this salt was obaerved. The action on cyaniline takes 
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place only at a temperature at which the oxalic acid is converted 
into carbonic acid with evolution of bydroc^en ; in an apparatus 
appropriately arranged, the hydrogen evolved in the decomposition 
of cyaniline by potash may be easily collected. Uenoe the reaction 
ensues according to the following equation : 

(HO, KO) +2H0:=Ci2 II7 N+H,N+H+ia(KO, COg) 

Qyaayine. AniHiie. 



VL MXSAMOBPHQ8BS Of DICTANOMBLANILINS. 
fOKMATIim OTP THB ANILINB*TBRM C0BBB8P0NBIK0 TO CTANIC ACID. 

In describing the bases, which are derived from melaniline, I have 
mentioned a compound which is formed by the action of cyanogen- 
gas upon an alcoholic solution of melimiline, and to which I hare 
given the name dicyanomelaniline.^ This substance bears in its con- 
stitution the greatest resemblance to cyaniline; in its formation 
melaniline and cyanogen have combined without elimination of 
hydrogen^ but while^ in producing cyaniline^ the original aniline 
atom assimilated but one equivalent of cyanogen^ the complex strac- 
tore of melaniline^ which arises from the combination of two aniline- 
atoms, was exhibited even in its deportment towards cyanogen-gas, 
two equivalents of which are fixed in this reaction, the analysts 
having led to the formula : 

C30 N5 = Cy^ N3. 

In the paper on melaniline, I have noticed the remarkable instability 
of dicyanomelaniline ; I have mentioned that the action of reagents 
and especially of acids, on this substance, gives rise to a great variety 
of phenomena of decomposition, a more minute investigation of 
which, however, was deferred until the study of the corresponding 
metamorphoses of cyaniline was completed. 

The following pages are devoted to a more detailed account of 
these phenomena. 

In dicyanomelaniline the basic properties of the melaniline-atom are 
still perceptible, but in a deeree verv inferior to that observed in the 
compounds arising from melaniinie by substitution. I have vainly 
endeavoured to produce crj stallized combinations of dicyanomelani- 
line with acids, although such bodies are readily formed with the 
snbstitution-bases ; in fact the only expenmeutal evidence of the 
basic nature of this substance, is the remarkable facility with which 

* Chea. See. Qu. J. i. 285. 
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it dissolves in mineral, as well as vegetal acids, from which solutions 
it is re-]>r( f ipitate(l by the addition of potash or ammonia. The re- 
prt t ipitation of unaltered dicyanomelaniline, however, can only be 
ensured, if the solution in acids be saturated immediately with the 
alkali; after a short tune, varying with the strength and concentra- 
tion of the acid iiii|>l<jyed, decomposition sets io^ and the liquid soon 
ceases to contain a trace of the cyanogen-base. 

When speaking of cyaiuiiue, I liave mentioned that the solutions 
of salts of this base can exist only for a limited i>eri()d ; the transform 
mation of the corresponding melaiiiline-compound goes on with 
much greater raj)idity, and whilst in the former case, the decompo- 
sition proceeds only gradually, the change in the latter substance is 
effected almost instantaneously. 

Dicyanomelaniline dissolves in hydrochloric acid of ordinary con- 
centration, to a clear, slightly yellow liquid, which if immediately 
saturated with ammonia, yields a precipitate, consisting of the 
cyanogen-compound with all its original properties ; if on the con- 
trary, the solution be allowed to stand for a minute or two^ it sud- 
denly becomes turbid, and deposits a slightly yeHowish mass, pre- 
senting an indefinite crystalline appearance. This change takes place 
almost simultaneously with solution, if very concentrated hydrochloric 
acid be employed, or if the dilute solution be gently heated. The 
mother4iquor from which the new compound has been deposited^ 
contains a very considerable proportion of chloride of ammonium. 

The yellowish substance is but slightly soluble in water, by means 
of wbidi it may be easily, purified from hydrochloric acid. It dis- 
solves somewhat difficultly in boiling alcohol^ from which it is slowly 
deposited in a crystalline crust, presenting a more individual appear- 
ance than the original precipitate. The disinclination of this com- 
pound to assume a very definite crystalline form, — ^equently it 
separates as a resinous mass, assuming only very slowly crystalline 
structure — renders it difficult to obtain it in a state of peifect purity. 
In the following analyses, specimens of different preparations, dried 
at 100^ C. were employed. Analysis V. refers to a substance obtained 
by re-crystallising the compoimd used in analysis IV. 

I. 0-3277 grm. of substance gave : 
0-8100 „ „ carbonic acid, and 
0*1195 „ water. 
II. 0'3160 „ „ substance gave : 
0*7810 „ „ carbonic acid, and 
0*1200 „ „ water. 
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III. 0*2805 „ substance gave : 

0*6969 „ carbonic acid| and 

0*1041 water. 

lY. 0*4175 „ substance gave : 

0*4527 „ platinum, 

y. 0*5065 „ „ substance gave : 

0*5657 „ „ platmum. 

Peroentage-compoflition : 

I. II. III. IV. V. 

Carbon . . 67-41 67'40 67*76 — — 
Hydru-tii . 405 4-21 4*12 — — 
Nitrogen . . — — — . 15-38 15*84 

These numbers may be translated into the expression : 

^30 Hn N3 O4, 

as is evident from the following comparison ui' tlie tkeuretical with 
the esqfierimental values. 

Theory. Mean of experiments* 

30 eqtiivs. of Carbon 
11 Hydrogen 

8 „ „ Nitrogen 

4 M w Oxygen . 



180 


67-92 


67-52 


11 


415 


412 


42 


15-84 


15*40 


32 


1209 




265 


100*00 





This formula readily explains the transformation of dicyanoniclniiiline 
under the influence of acids. One equivalent of this Kubstaiice assi- 
milates four equivalents of water, while two equivalents of ammonia 
combine with the acid. 

H,3 N5 + 4H0 + 2HCI = H„ Nj O4 + 2 H^N CL 



Dicyanomela- Yellowish compound, 

niline. 

A simple method of controlling this equation, presented itself in the 
determination of the amount of nitrogen, eliminated in the form of 
aminoiua tV(Mii a criven quantity of dicyanomelaniline, when treated 
with hydrociiloiic acid. In performing this expeiimeut 

2*2529 grm. of dicvanomelanilinc gave : 

3*9415 „ „ bichloride of platinum and ammonium. 

Aooordingly 100 parts of the cyanogen-body, yielded 10*97 parts of 
nitrogen, the amount deduced firom the above equation is 10*65. 
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This determinatioii leaves no doabt reqieetmg the composition of 

tke new substance, and this is moreover supported by various pheno- 
mena of transformation whieh I shall describe hereafter. The 
formula derived from analysis^ slihongh covrectly enumerating the 
elements grouped in the y^ow eompomid, leaves ns quite in the dark 
respecting their actual arrangement^ and.consequently of the position 
which has to be assigned to the substance. A rational interpretation of 
the analysis, was^ however^ greatly facilitated by the previous study of 
the decomposition of cyaniline. The conversion of this substance 
into oxalates of aniline and ammonia^ or rather into compounds 
derived from those salts by elimination of water, (oxanilide and oxa- 
mide), at once gave the clue to the nature of the yellow crystals. 
They may be considered as binoxalate of melaniline, less 4 equiys. of 
water. 

C„ H„ N„ n C, O, + H Cj O, = C,„ N, Og 
Cm His 0, — 4 HO = C,o H.i N, 0^. 

Binoxalate of Me- Tdlow compound. 

Ittnilinit- 

Experiment supports this view in an unequivocal mann». On 
adding ammonia or potash to an alcoholic solution of the compound^ 
the liquid readily solidifies into a crystalline mass ; these crystals are 
pure melaniline ; the mother liquor contains a considerable proportion 
of oxalic acid. To avoid any possible mistake, I have identified the 
melaniline produced in this reaction, by prcpaiing the platinum-sslt 
and determining the platinum. 

0*3482 grm. of platinum-salt gave : 
0-0825 „ „ platinum. 

Percentage of platuram. Peieentage of plttinum from mdeaSine-ialt. 
2a.69 23-65 

The substance then to which the action of acids upon dicyanome- 
Isniline gives rise, belongs to a daily increasing class of bodies 
which are derived from acid salts of ammonia, or of organic bases, by 
elimination of 4 equivs. of water. Succinimide^ (D'Arcets* bisuccina- 
mide] and camphorimide, (bisncdnate and bicamphorate of oxide of 
ammonium— 4 equivs. of water), were some of the first members of 
this class, with which we became acquainted, and in which at a 
certain period, the pre-existence of imidogen (HN) was assumed. 
In the aniline-series, likewise, several representatives of this group 
have been obtained by Laurent and Gerhardt, who have proposed 
the term anilesior these compounds, succinunile, camphuruuik, phta- 



Digrtized by Google 



VOLATILE OUGANTC BASS 8. 



311 



lanile designating, in the aniline-series, the terms correaponding to 
iucciiiimide, campborioiidei and phtalimidc. Hence the tenn melo- 
noximide, ot aseamelamle, might be applied to the new eomponnd. 
It is worthy of lemark^ that the oxalic aeid member conesponding 
to mdanozimide is known^ neither in the ammoms-^ nor in the 
aniline-series. 

SubstaneeB prodaced hj dehydration^ snch as oxamide^ oxamic 
addj snccinimide^ &c., are reconverted into the oomponnds from 
which they are derived, not only by the action of alkalies, but like- 
wise by the influence of acids, I was, therefore^ desirons to ascer« , 
tain, whether binoxalate of melaniline might be reproduced from 
melanoximide by treating it with acids* This substance being nearly 
insoluble in dilute acids, sulphuric or hydrochloric, their action is 
but extremely slow ; an alcoholic solution of melanoximide, however^ 
is rapidly affected by acids, especially at the temperature of ebulli- 
tion. On boiling a solution of this body in strong hydrochloric 
acid, it assumes a deep yellow colour, the peculiar somewhat cyanic 
odour, which I had fi'equent opportunities of noticing during these 
investigations, being evolved in a remarkable manner. After a few 
minutes the solution again becomes colourless, when l^e presence 
both of oxalic acid, and of melaniline* in the liquid, may be traced 
without difficulty, showing that under the influence of acids also, 
the 4 equivs. of water are re-assimilated. Oxalic acid and melani- 
line are, however, by no means the only products of this reaction, 
for on eooling> the solution deposits long beautiful needles^ contain- 
ing neither melaniline nor oxalic acid, the examination of which is 
not yet finished ^ the solution contams, moreover, a perceptible 
quantity of ammonia. 

Several of the imidogen-compounds which have been examined, 
such as camphorimide, and phtalimide, have the properties of weak 
acids, they combine, for example, with protoxide of ttlver. The 
actual nature of these combinations is scarcely understood. Some 
consider them as compounds of the imides with the oxides, others aa 
imides in which hydrogen is replaced by silver; mdanoximide is 
likewise feebly acid, it dissolves in very weak solutions of ammonia 
and potash without decomposition, and may be obtained again from 
these solutions, with all its properties, on the addition of an acid. Pro- 
longed contact, however, mth. alkalies, especially when concentrated, 

« The reprodnfitioD of malamUne ftom ntelaiioiliiiide hy the action of addi, wu 

Bkewise proved bj tbe prepmttioD and analysis of a platinum-salt ; 0*3177 grm. of salt 
gave 0 1206 grm. = 23 29 per cent of platinum. Tho theoretical percentage of pbtiniun 
in the melanlline-ialt ia 23-65. 
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as stated before, gives rise to assimilation of water, binoxalate of 
melnniliiic being formed. A solution of melanoximide in dilute 
alcohol, especially when containiiip^ a few drops of ammonia, yields 
a slightly yellowish amorphous jnccipitate with nitrate of silver. 
The analysis of this silver-compound has not led to any precise 
result : by igniting three different specimens of the silver-salt, a per- 
centage greatly vai-jing (25*41 — 28*57, and 30*5 of silver) was 
obtained. A compound of melarioxiniidc with 1 equiv. of protoxide 
of silver, would contain 28*4 per cent of silver. To the acceptation, 
however, of such a compouad, farther experimental evidence would 
be requisite. 

It remained now only to try whether melanoximide, the nature of 
which appeared to be sufficiently established by the preceding expe- 
riments, might not be actually obtained by the action of heat, either 
alone^ or assisted by agents of dehydration, upon binoxalate of mela- 
niline, a salt which I have mentioned in the description of melani- 
line.* Here a difficulty presented itself at once in the facility with 
which melaniline is decomposed when heated : it appeared by 
no means easy to regulate the temperature in such a manner, 
as to confine the reaction to an elimination of water^ without 
affecting the residuary compound. Nor have I — ^it may at mice be 
stated — been able to effect the desired conversion ; the experiment, 
however^ although unsuccessful as to its intended object, has led to 
a result as remarkable as any that has been elicited in the course of 
these researches, — On heating binoxalate of melaniline, the salt fused 
and entered soon into a sort of ebullition, torrents of carbonie oxide, 
and carbonic acid, being evolved; towards the end of the operation a 
splendid crystalline sublimate appeared in the neck of the retort, 
which was found to be carbanilide, while a transparent viscid mass, 
solidifying on cooling into a resin-like sabstancCj remained behind. 
The gas which is evolved in this process, possessed in a very powerful 
d^^ree, the peculiar odour to which in this, as well as in former 
communications, I have repeatedly alluded. Never, indeed, had I 
met before with a reaction, which appeared to give rise to so large 
a quantity of this peculiar compound, and I began to hope that I 
should at last succeed in securing this enigmatical body, which I had 
vainly chased on so many occasions. My endeavoiirs, however, to 
condense this substance from the mixture of carbonic oxide and 
carbonic acid, in which it was diffused, were fruitless ; and I did not 
succeed until I began to study the action of heat on melanoximide 
itself, instead of on binoxalate of melaniline, 

* Chen. 8oc Qjo. 1. 1. 285. 
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Actim of Heat on Melanoximide, Anilocyanic Add, (Carhanile,) — 
The dry distillation of melanonmide presents phenomena similar to 
tiiose observed on heating binozalate of melaniline. The mass faset 
and evolves a large quantity of gas, in which^ however, the presence 
of earbouic oxide predominates to such an extent, that in certain 
stages of the process scarcely any eaibonic aetd is detected. During 
the disengagement of the gas, a slightly yellow liquid distils over, of a 
most powerful odour, recalling at once the odour of aniline, of cyan- 
ogen> and hydrocyanic acid^ provoking lachrymation in a most fearful 
manner, and exciting too in the throaty the suffocntiivj; sensation 
produced by the latter. Small quantities of this liquid, which is by 
no means very volatile, evaporate in the gas which is evolved during 
the process, and impart to it this penetrating odour in such a degree, 
that it is nectary to collect the gas, in order to escape its 
irritating action on the nose and eyes. Towards the end of the dis- 
tillation, on raising the temperature very considerably, together 
with the liquid, a solid boily is evolved, which is deposited in 
radiated crystals on the neck ii the retort, and carried over into the 
receiver, while a slightly coloured, transparent, resin-like compound 
remains in the retort, very similar to the residue obtained in the dry 
distillation of melaniline. The quantity of crude liquid obtained in 
ibis process, amounts to about ten per cent of the melanoximide 
employed; it is necessary to avoid as carefully aa possible, the pre- 
sence of moisture either in the substance to be diistilled, or in the 
retort or receiver, in order not to reduce still farther in quantity the 
product of the operation, the liquid being readily decomposed by 
water. This deportment explains, why in the distillation of binoxslate 
of melaniline (distinguished from mdanoximidB only by containing 
4 equivs. of water more), only traces of this liquid are obtained. It is 
evident that the elimination of water, and the formation of the com- 
pound take place simultaneously, decomposbg eadi other at the 
veiy moment their liberation.* 

In purifying the yellow liquid, the white crystalline matter with 
which it is always contaminated, has to be separated. This csnnot 
be effected by instillation, the boiling-points of the two bodies being 
80 very close to eadi other, that the distillate invariably contains 
again a portion of the crystsls. The separation succeeds best by 
cooling the liquid, in order to cause as complete a deposition of the 

* I I'.avc endeavoured to avoid tlie liberation of tbe watcr» hy mixing tlie binoulate 
anbydrniis pbasphoric Mad* ThejwBuItf hxmvfztt wM ikot ntiilaietoiy» nearly tlie 

whole mass being charred. 

VOL. II. — NO. VIII. T 
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crystalline matter as j>ossible, and filtering through fhie bibulous 
paper. A very limited quantity of the compound being at my dis- 
posal, I contrived to lilter it as perfectly as possible by atmos})heric 
pressure, the funnel being fixed by means of a perforated cork into a 
little flask, from which part of the air had been expelled by heat. 
On cooling, tlie liquid was forced through the paper, while the crys- 
talline compound remained on the filter. The presence of moisture 
having been carefully excluded in all tlie operations, it was now 
sufficient to rectify the liquid, in order to obtain it in a ^t;ile fit for 
analysis ; on distillation in a glass tube, the liquid entered into 
regular cljiillition at 178*^ C; during the latter part of the distiUatum, 
the thermometer rose very gradually to 180" C. Thus obtained, the 
substance formed a colourless, very mobile liquid, heavier than w^ater, 
strongly refracting light, and possessing the powerful odour in undi- 
minished intensity. 

For tlie following analyses, specimens of different preparations 
were employed. Carbon-determination I. was made with a product 
of a first ojieration, prepared at a period at which I was less 
acquainted with the habits of the substance in question ; carbon- 
determination II. and nitrogen-determination III. refer to a speci- 
men prepared at a later period, and on a larger scale. When burnt 
with protoxide of copper : 

I. 0*204fl grm. of liquid gave : 
0*5226 „ „ earbonic add, and 
0*0810 „ „ water. 
11. 0*2610 „ „ liquid gave: 
0*6720 „ „ carbonic acid, and 
0-1020 „ „ water. 

Tlie nitrogen was estimated, by passing the vapour of the liquid 
over a long layer of soda-lime, and proceeding with the resulting 
mixture of ammonium- and aniline-platinum-salts, as indicated in the 
analysis of cyaniline.^ 

IIL 0*4557 grm. of liquid gave : 
0-8830 „ „ platinum. 

Percentage-composition : 

I. n. m. 

Carbon . . . 69*83 70-21 — 

Hydrogen . . 4*40 4*34 — 

Nitrogen . . — — 11-92 

♦ Chem. Soc. Qu. J. i. 159. 
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These numbers, especially if we rely more particularly on the 
results obtained in the analysis of the second speciiiieii, may be 
expressed by the formula : 

C,^ H5 N O2, 
which requires the tollowing values ; 

14 eqaiTO. of Carbon ... 84 70*68 

5 „ Hydrogen . . 5 4*20 

1 „ „ Nitrogen . . 14 11*76 

2 „ „ Oxygen . . 16 13*46 

1 eqttiv. of the odorous Componad . 119 lOO'OO 

The preceding formula is corroborated by a series of reactions of 
remarkable precision^ presenting perhaps^ when taken as a whole^ a 
higher order of experimental evidence than can be obtained from 
any elementary analysis, however accurate it might be. 

Before entering into a detailed account of these reactions, the 
position of the new compound may be directly fixed by the inquiry, 
whether a corresponding term exists in the ammonia-series. By 
subtracting from the above formula the elementary dilference, dis- 
tinguishing aniline from ammonia, namely Cjg H^, we arrive at 
once at a well-known formula : 

H7 N — = H3 N. 

C„ N Og — H4 = H N Oj. 

The formula Cg H N 0^ expresses the composition of hydrated 
cyanic acid, and accordingly the new compound would represent in 
the aniline-series the term cyanic acid ; or in other words the odorous 
liquid would stand in the same relation to aniline, as hydrated 
cyanic acid stands to ammonia. 

The reactions of cyanic acid being very clearly defined, there 
was no difficulty in tracing, by experiment, the analogy of the 
two compounds. It may here at once be stated, that this analogy 
has been fonnd to be perfect in almost every direction, so that for the 
sake of shortness, I will designate the liquid in question, by the name 
anilo-cyanic acid, although, from reasons which will soon be evident, 
I have not been able to produce compounds analogous to the cyauatcs. 

The action of acids aTid ijases upon anilo-cyanic acid, appeared to 
offer the first standard, of comparison. Both classes of agents 
convert cyanic acid into ammonia, and carbonic acid, 2 equivs, of 
water being assimilated. Exactly the same effect is exerted on 
anilo-cyanic acid. This compound is readily attacked by potash, 

Y 2 
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or hydrochlonc acid^ aniline^ or carbonic acid beiiig erolved, while 
carbonate of potash, or hydrochlorate of aniline remaina behind : 

Ca H N Oa + 2 HO = Hg N + 2 CO3. 
Hg N O2 + 2 HO = H7 N + 2 CO^. 

If concentrated sulphuric acid be employed instead of hydrochlorie 
we obtain in the place of hydrochlorate of aniline, salphanilic acid, aa 
might have been expected. — Cyanic acid is capable of fixing water^ 
even if acids and alkalies be absent, in this case, however, the meta- 
morphosis extends over two equivalents. The ammonia eliminated 
in the decomposition of the first, combines with a second equivalent 
of cyanic acid not yet affected, nrea or bicarbamide being produced 
with evolution of carbonic acid. In a similar manner anUo-cyanic 
acid, when treated with water, gives off carbonie acid very slowly at 
common temperatures, more rapidly however on the ap|^ication of 
beat, while the oil is converted into a crystalline mass. 

The crystals thus formed are insoluble in water but dissolve in 
alcohol; they have all the properties of carbanilide.'i^ The following 
combustion would have been scarcely necessary. 

0*1743 grm. of crystals gave 

0- 1675 „ „ carbonic acid, and 

0-9040 „ „ water. 

Percentage : 

Experimental. Theoretical, in carbaailide. 

Caibon . . . 73 15 73-58 
Hydrogen . . 5- 76 5 '66 

If we recollect that urea may be viewed as bicarbamide, the 
analogy of the reactions of both cyanic acids with water becomes at 
once perceptible^ tbe one yielding 2 equivs. of carbamide, the other 
ft equivs, of carbanilide, as exhibited by the following equations : 

2 Ca H N Oj + 2 HO «= C, H, O3 + 2 CO, 

C3 H4 Nj02 = 2 (H,N»00) 

2Ci4H,N Oi + 2HO*CajHi5NjOa+ 2 CO, 

Cm Ha N, O, = 2 (C^ He N, CO). 

Not less symmetrical are the changes which the two analogues 
undergo when treated either with aniline or with ammonia. Cyanic 
acid when treated with amline yields carbamide-carbanilide; antlo- 
cyanic acid on the other hand yidds carbanilide. 

Cj U N O3 + C,2 II7 N » Cm Kg N Oj = Hj N, CO + Ci, H. N, CO 
Cm Hj N 0, + cij H, N = Ca, H„ N 0, = CuHgN, 00 + Cn H«N,00. 

* Cliem. Soc. Qu. J. 11. 36. 
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in the same manner anilo-eyanic acid^ when heated with ammonia 
ia converted into carbamide-carbanilide, whilst the action of ammonia 
on eyanic acid itaelf gives rise to the production oi nrea or bicar- 
bamide. 

H NO, + H,N-C, H^NjOs^HsNpCO-l' H«N CO. 

These several reactions are effected instantaiK ously on adding* either 
ammouia or aniline to the oil, which at once Bulidifles^ a considerable 
amount of heat being disengaged. It is not unlikely that a similar 
effect may be produced by all ainTn onides, (a term which may be 
used for the class of bases re])resentcd by ammonia) ; a small quantity 
of cumidiiie having remained in the collection of the College from 
Mr. Nicholson't^ investigation 1 })l;u cd the two substances in contact ; 
the mixture soliditied at once to a crystalimt mass; theprodnet not 
being in sufficient quantity for combustion was not examined farther ; 
there cannot, however, remain the slightest doubt that it is a double 
compound of carbanilidc and carbocumidide, analogous to carbamide- 
carbanilide, and oxamide-oxanilidei whose formation may be repre- 
sented by the following equation : 

C„H. N 0,+C„H„N=C„H«N, 0,= {^'^ JJ'^g; 

Toluidine uTid even leucoline, which is remarkable for its disinclina- 
tion to form crystalline derivatives, exhibit a similar deportment. 

Auilo-cyanic acid, when acting upon the various alcohols^ on 
pyroxylic spirit, wine-alcohol, and fusel-oil, and even on hydrated 
oxide of phenyl (carbolic acid) gives results not less marked; and 
here again an analogy with ordinary cyanic acid may be traced to 
a very great extent. 

Anilo-cyanic acid dissolves in the alcohols with considerable 
evolution of heat, clear liquids being formed, which after some 
minutes deposit magnificent cn^stals. These crystals are readily 
fusible at the boiUng tempemture of water, they are insoluble in 
this liquid, but soluble m all proportions in alcohol and ether. 

The bodies to which these reactions crive rise are generally 
mixtures; and it is but with difficulty that tlie individiijil cnmpnnents 
are separated. I cannot at this moment offer to the Society definite 
numbers unequivocally fixinp- tlie composition of these bodies; how- 
ever from approximative combustions^* performed with substances 

* Not knowing whether and when T ^liall be allowed to return to this invesiigation, 
I here subjoin the numbers obtained m tiic combustion both of ttie methyi> and ethyl- 
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not absolutely pure, and employed in quantities iusuflScicnt to secure 
an accurate detcnniuation of the hydrogen, I have already formed 
a decided opinion respecting the nature of the substances produced 
in these reactions. 

From the researches of Liebig and Wohler on the action of cyanic 
acid upon the alcohols, we know that the latter class of bodies is 
capable of directly ^^\!n^ ( itlicr one or two equivalents of the former. 
Two classes of com pounds are thus produced, the urethaues or car- 
bamic ethers (obtamable also in a variety of other remarkable 
reactions), and the substances termed allophanic ethers. 

C4 0,+ H C, N 0, = C, IL N 

AlcohoL Cyaaic acid. Urethaae 

Carbamate of ethyl. 

H6 0y + 2HCgNQa= C3 11^ 0<, 
AkolMil. Cyanic acid. AUopbanate of 

compounds, which vrrro prepared, howerer, Qd 10 tiiiall a MBle as to prednde the poBsi- 
biJity of an effident puritication. 

ANALYSIS OF THE METHTL-OOMPOOHD. 

0-1970 grm. of substance gave 
0*4580 ,» It carbonic acid, and 
0*1310 „ ^ water, 

leading to the percentage : 

Carbon .... 63*40 
Hydrogen . . . ^7'3d 



The formula 
leqniiea 



Carbon . . * . 63*57 
Hydrogen . 5*96 



AHAJbYSia OF TBB BTBTL-COMPOVMO. 
0*1035 gnn. of substance gave 
0-2533 „ „ carbonie add, and 
0.0620 „ „ water, 

leading to the percentage : 

Cazbon .... 66*74 
Hydrogen , . 6*65 

The formula 

C,a H„ N 0, 

requirea 

Carbon .... 6S*4S 
Hydrogen . . 6.66 

The results obtained in the preceding experiments, incorrect as they are, leave but 
little doubt in my minH respecting the existence of the two cora^ioiinck in f^nestion ; 
still the experimeuts will have to be repeated on a larger scale, m oriicx to tx their 
exiatenoe by more eharaeteriaiie nnmben. 
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Now aiiilu-cyanic acid a})pear8 to exhibit a similar deportment. 

I have corninccd myself by analysis, that the ordinary alcohols 
absorb 1 equivalent of anilo-eyanic acid, giving rise to the production 
of the following series of compounds. 

Methyl-compound . . C^^. Hy N O4 = Cg H4 Og -f C^^ H5 N O3 
Ethyl-compound . . C,^ H„ N 0^ = Hg 0^ + Hg N 
Amyl-compound . . N O4 = C^o H,, 0^ + C^^ Hg N O3 

I cannot speak })()sitively as to the existence of conijiounds corres- 
ponding to the second cla^s of derivatives produced by the action of 
ordinary cyanic acid upon tlic alcoli Is, nor will I here venture an 
opniion respecting the substance formed by the action of auilo- 
cyanic acid and hydrated oxide of phenyl. 

Tf wc arc justified \r\ ( onsiderin;; the urethanes as compound ethers, 
in which a peculiar acid, carbamic acid, pre-exists, it would follow tbat 
the prccedinir '^pries would have to be regarded as the ethers of 
carbaaiiic or authramlic acidj with whose composition they coincide. 

Cg H7 N04=:C4H5,C2 H^NO^ 

Urethane. Carbamate of eth^l. 

CmH»NO« = C,H„ChH,NO« 

Anilo-urethane. Carbaniiate or anthranilate 

of ethyl. 

I am unable to say whether these substances actually contain 
anthranilic acid, or whether they are only isomeric with the true 
anthranilic ethers. Notiiing would have given me more pleasure 
than to pursue the investigation of these conijiounds farther; they 
present a peculiar interest, because we may expect, that under the 
influence of powerful removers of carbonic acid, the ethers of car- 
banilic acid, similarly to the cyanic ethers, will yield a series of new 
bases derived from aniline by the substitution of methyl, ethyl, or 
amyl, for 1 equiv. of hydrogen. 

But unable to indulge in a more detailed study of these beautiful 
reactions, in consequence of want of material, I nuist postpone their 
completion until a simpler method may have been discovered of 
obtaining in a shorter time a larger quantity of anilo-eyanic acid. 
The preparation of aniline from indigo or benzole, its })uritieation, 
the conversion into melaniline, the subsequent treatment of this 
base with cyanogen-gas, and the transformation of the resulting 
dicyanomelaniline into melanoximide, which, when distilled yields 
but a small percentage of anilo-eyanic acid — this long and complin 



Digitized by Google 



820 



]>&. HOFMANN ON THE 



eated series of metanuHrpluweSr bm catiaed no small expenditiife of 
time and labour, nor eould I him found sufficient leisure to follow 
out the manifold ramifications of the anilin^family in its numerous 
and often so intricately related derivativeSj whose history I hare 
endeavoured to trace before the Society, had it not been for the 
valuable assistance and co-operation of Messrs. Nicholson and Abel, 
Assistants in the College of Chemistry. I cannot but make mention 
publicly of the unremitting zeal, and the remarkable experimental 
skill with which, daring several years, these gentlemen have assisted 
me in the prosecution of the researches on the volatile organic bases. 

Having in the preceding paires endeavoured to fix the composition 
and the nature of anilo-cvanic aeid, we will now return once more to 
the circuiJHtances under which this substance is formed, in order to 
trace as I'ar as possible the connexion in which this compound stands 
with melauuximide, the dry distillation of w Lixli arives rise to it. 

The decomposition by heat of so complex an atom as niclan- 
oxiniide mu^t necessarily be a process of considerable lutncacy. By 
tlic great variety of products which are siniultaiicously formed, 
carbonic oxide, carbonic acid, anilo-cyanic acid, the crj^stalline 
bubliuiatc and the resinous residue, we are led to beheve that several 
metamorphoses are accomplished side by side in this reaction ; nor 
do I pretend to be in possession of a sufficient number of facts 
for a satisfactory explanation ut ;ill the phenomena. I offer the 
foil owing remarks only as an expression of the idea which I have 
myself foi iiu d respecting this decomposition, leaving it to others to 
suggest imy >ther interpretation of the facts which may seem to them 
more probable. In order to understand the effect of heat upon 
melanoximide, it will be necessary to premise a few details respecting 
the action exerted by heat upon melanihne itself. 

Action of Heat upon MekmUine. 

Melaniime may be exposed to the heat of boiling w;itcr Avithout un- 
dergoing any change, between 120" C. and 130^ C. the substance enters 
into a state of fusion, and solidiiit s on coolinpr with crystalline struc- 
ture. On raising the temperature howxver to 150*^, and then after- 
wards to 170^ C, decomposition ensues. At the latter tern|)crature, 
perfectly colourless drops of pure aniline distil over. In the com- 
mencement of this distillation no trace of ammonia is perceptible ; 
this gas is formed however after the lapse of some time, even if the 
temperature be accurately kept between 150" and 170*^ C, and is disen* 
gaged abundantly on raising the temperature. It is almost impos* 
sible to regulate the heat, so as to evolve aniline only, without causing 
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at the tame time the eliminatioii of ammonia. Theie obeemtioiM 
show that it mast be extremely difficult to obtain the residue of this 
operation of constant composition. This lesidae is a tnmsparent, 
slightly yellowish^ tesinoos^ brittle mass, insdoble in water^ dissoihing 
only with difficulty in alcohol, a torbid liquid being produced which 
filters veiy slowly. It is soluble in concentrated sulphuric add, and 
reprecipitated on the addition of water, in white flakos, in which the 
substance appears to be in an altered state. The residue obtained by 
heating melaniline was repeatedly analysed. I adduce tilie following 
combustions made with products obtained in different operations. 

I. 01927 grm, of substance gave: 

0*5108 „ carbouic acid, and 

0-0980 „ „ water. 

II, 0'3730 „ „ substance gave : 
10043 

» « carbonic acid, and 

01710 „ „ water, 

m. 0 2970 „ „ substance pave; 

0*8017 „ „ carbonic acid, and 

01360 „ „ water. 

IV. 0*3185 „ substance gave : 

0*8670 carbonic acid, and 



Percentage : 



0-1526 ,, „ water. 



I. II. III. IV. 

Carbon . . . 72-29 73*43 73'62 74-24 
Hydrogen . . 5*65 509 5*08 5-32 

Among these analyses I am inclined to place most confidence in 
experiment 1, for which the substance had been prepared with the 
greatest care, very little ammonia having been evolved. To ensure 
the absence of adhering aniline the compound had been dissolved in 
alcohol mixed with a few drops of hydrochloric acid, and reprecipi- 
tated by water, washed with dilate ammonia, and dried. The 
remainder of the combustions were made with specimens ob- 
tained by the action of heat only. The results from analysis I, 
the difference being assnmed to be nitrogen, may be translated into 
the formula 

which requires the following values : 

54 equivs. of Carbon . . • . 324 72*49 
25 „ of Hydrogen. ... 25 5-59 
7 „ of Nitrogen .... 98 21-92 



1 cquiv. of Melauiliue-residue . 447 100 00 
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The simplest interpretation of this formula eonsists in r^arding 
it as a compoimd of the aniline-melion with 3 equivs. of aniline. 

Mellon . . • . Cg 

Amiiue-meilon . . (C12 HJ = C^^ 

C^HasN, =C„H,N, + 3C,,H,N. 

If this formula actually repre s ents the composition of the body in 
question, its formation would be the result of the separation of 

2 aniliue-atoms from 3 equivs. of melaniline. 

3 H,3 N3 = Hgg Ng 

I have endeavoured to verify the formula in question^ by deter- 
mining the percentage-loss suffered by melaniline on exposure to 
heat. The following eiqperiment will prove that the action of heat 
gives rise to a series of changes^ which it is very difficult to confine 
to separate stf^s, the various periods of the process beingjiut very 
indistinctly defined. 

When ezpoBcd for several hours to 170** C. in an air-bath : 

I. 0-2993 crrm. lost . . 0 0910 grm. = 30 40 per cent 

after another hour .0-0987 „ =31-30 „ 

II. 0-2980 grm. lost . . 0-U8<j7 „ = 29-09 „ 

after a second hour . 0*0970 = 32-55 



III. 0 6517 grm. lost . . 0'2005 „ = 30 76 

IV. 2-18i0 „ lost . . 0-682 = 31*22 



MP 



On continuing the experiment ammonia was abundantly evolved, 
and the loss rose gradually to 36 and even to 37 per cent. From 
these experiments it appears that melaniline, when exposed to a tem- 
perature of 17(fi 0. loses about 30 per cent of aniline, and that after 
this the decomposition enters into a new phase, ammonia being first 
slowly, and by degrees more rapidly evolved. The theoretical loss, 
required by the assumption that 3 equivalents of melaniline yield 
2 equivalents of aniline, is 29*38; however, the impossibility of 
avoiding the evolution of ammonia altogether would explain to a 
certain extent, both the almost invariable excess exhibited by the 
latter experiments, the excess of carbon, and the deficiency of 
hydrogen^ in several of the elementary analyses. 

Accordingly without extending our considerations to the later 
products of the actbn of heat on melaniline, we are justified in 
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assuming, that at a certain stage of the process the residue in the 
retort consists chiefly of a product : 

H,, = H, N, + 3 C,, II, N. 

which may be regarded as anilo-melloB + 8 equivs. of aniline. 

This mode of viewing it^ is moreover supported by two analogies. 
The substance discovered by Liebig in the distillation of sulpho- 
cyanide of ammoniumj and described under the name of melam, may 
be considered as a compound of 2 equivs. of mellon, and 8 equivs. 
of ammonia. 

C„H, N„ = 2C, N. + SHjN, 

and it is known that this body is decomposed accordingly by heat. 

Again, in subjecting chlorocyanirule to the action of heat, 
M. Laurent obtaiTied a substance possessing properties very similar to 
those of the melainUne-residue, whichfrom the mode of its formation^ 
must almost certainly he 

CsoHh N,= C,8H,N, + C„H7N, 

i. e. anilo-mellon + 1 cquiv. oi auiliue. 

Aciion of Heat upon Melanoximide. 

The preceding account of the action of heat upon melaniline^ 
incomplete as it is, and insufficiently supported by experiment 
though it may appear, will nevertheless assist us in understanding 
the changes which melanozimide und^goes in the formation of anilo- 
<^anic acid. 

Melanoximide, anilo-cyanic acid, and hydrated cyanic acid are 
substances of the same order. They all may be considered as 
having been derived from acid salts by the elimination of 4 equivs. 
of water. 

Melanoximide is binoxalate of melaniline — 4 equivs. of water ; 
snilo-cyanic acid, bicarbonate of aniline — 4 equivs. of water, whence 
the name anilo-carbimid, or in Gerhardt and Laurent's nomenclature 
the term earbanile might be used for this compound; cyanic acid 
or carbimide lastly is bicarbonate of oxide of ammonium — 4 equivs. 
of water, as illustrated by the following table, into which I intro- 
duce as seo(md term melano-carbimide, a substance which has still 
to be discovered, and which would be derived from bicarbonate of 
melaniline in the same manner as anilo-cyanic acid and common 
cyanic acid may be supposed to originate from the bicarbonates ol 
the respective bases. 
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Melanoximide . . C30 Ng + 4 HO = Hu N3, 2 H Cg 0^ 
Melano-carbimide . C»U|iN30a-l-4UO=C,9Hi8N3,2U C O^C?) 

lnt:;^Sd :} ^hH. N 0,+4H0»C,H, N, 2HC O3 
§Sd- : :}^^« N0,+4H0= H,N,2HC03 

"Now, if we recollect that the diatUlatioii of mekmoziinide is 
attended with a very oonaiderable evolution of carbonic oxide, it 
does not appear improbable that the first reanlt of the action of heat 
is the actwd formation of mehmo-carbimide, for 

C30 N3 - 2 CO = Cas Ha N3 O, 

* * ' V t * 

Hebunoziinide^ Helaiio-carbimide. 

Melano-carLiinide then ■would yield aiulo-carbimidc or anilo- 
cyanic acid_, ui the sauu;' manner as rnclanihuc ou exjiosure to heat 
evolves aniline. Siipposin^^ the dccoiuposition of the two substauces 
to be parallel, the action of heat upon tiic former would be repre- 
sented by the following formulaj : 

8 Cjg Hn N3 Oj = 0^4 H33 N, 0, 
2ChH, N = C„ H„ N. 0« 

The reaidue left in the retort^ after the distillation of melanoxi- 
mide^ which in its physical chaxactera atrikingly rciemhlea the 
analogous mdaniline-residue, wonld also by its composition become 
a substance of dmilar order^ it might be considered as a compound 
of anilo-mellon^ with 2 eqnivs. of aniline, and 1 equir. of anilo-cyanie 
acid. 

Mclatiilinc-resichie . . . . Hj^ Ny =C,8 H4 + 2 Cj.^ N + C„ H7 N 
MeUaaxiaude-reBidue . . . Cie U« Of**C^ H, N H» N O, 

I have analysed the residue, and the numbers obtained partially 
appear to confirm this view, as far as confirmation can be expected 
by the combustion of a compound produced in so complicated a 
reaction, which is neither crystalline nor volatile. 

L 0*8080 gnn. of the readne gave: 
0*8050 „ carbonic acid, and 
0-1140 „ „ water. 
II. 0*3070 „ „ the residue gave : 
0-2885 

j> » platinum. 
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Peieenta§peH»mp08itioii : 

I. n. 
Carbon .... 71*28 
Hydrogen . . . 4*14 — 
Nitrogen . • • ~ 19*77 
The above fomrala leqiiirea the fbUowing values : 

66 equim of Carbon . . • • 886 71*04 

23 „ „ Hydrogen ... 28 4*86 

7 „ „ Nitrogen .... 98 20*72 

2 „ „ Oxygen .... 16 8-88 

473 100-00 

Accordingly the conversion of melanoxiraide into anilo-cyauic 
acid would be represented by the following t q nation : 

SCg^H.^NaO^ = 6C0 + 2 Cj, H, N + C^g H^g 

V I * ^ / * V ~ / 

MehnoTimide. Anilo-eyaiiie add. Keridne. 

The compounds cmiincratcd m the second part of this equation 
arc, however, by no means the only pioducLs of the reaction. I have 
repeatedly mentioned, tliat together with carbonic oxide a ccitain 
quantity of carbonic acid is evolved. This gas appears to be tiie 
result of a secondary decomposit ion^ for repeatedly, though I have 
determined the proportion of this acid relatively to the carbonic 
oxide, I have not been able to obtain concordant results, either in 
different experiments or in the various stages of the same operation ; 
iin anably the amount of carbonic acid is very small. A farther 
sec iidary product is the crystalline sublimate, which a]ipears espe- 
cially in the last part of the distillation when the temperature is 
highest ; this compound which, if the heat be continued for some 
time, is deposited as a coating of radiated texture all over the neck of 
the retort, — some crystals being even carried into the receiver, — was 
coilccted, pressed between bibulous paper and crystallized from 
boiling alcohol, when it was obtained in beautiful long needles. 
Analysis proved this substance to be perfectly pure carbanilide. 

0 2S80 grm. of substance gave: 
0-7774 „ „ carbonic acid, and 
0-1480 ^ „ water, 

numbers leading to the folWiug percentage of carbon and hydrag»i, 
which I place in juxtaposition with the theoretical valnes. 

Experiment. Hg N O. 

Carbon . . . 73-61 7358 
Hydrogen , . . 5 71 5 6G 
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The reactions and properties of the substance are likewise identical 
with those of carbaniUde obtained in other processes. 

In what manner is carbanilide formed in the dry distillation of 
melanoximide ? I think that we may account for the formation 
of this compound in two different ways. Suppose that at the high 
temperature at which the process is accomplished, a certain quantity 
of hydrogen and oxygen is eliminated from the residue in the form 
of water : the water coming into contact with the vapour of the 
anilo-eyanic acid is decomposed^ carbanilide being deposited in 
crystals, while carbonic acid is evolved : 

2Ci4 Hj N O2 + :iHO =2Ci3 N O + 2C0a. 

We have seen above that tliis formula is strictly verified by direct 
experiment, and it may be mentioned licrc, that the impossibility 
of obtaining more than traces of anilocyanic acid m the distdiation 
of the binoxalate of melaniline is uccouiited lor by the evolution 
of the 4 equivs. of water, by wIik ii this salt exceeds the composition 
of melanoximide, and which are (sufficient to convert the whole of the 
anilocyanic acid into carbanilide and carbonic acid : and hence the 
large quantity of carbonic acid evolved and the considerable amount 
of carbanilide sublimed in the distillation of binoxalate of melani- 
line. 

This reaction, then, would explain both the presence of carbonic 
acid and carbanilide among the products of distillation of melan- 
oximide. 

However, though it is very probable that a process like that just 
mentioned co-o])erates in the formation of carbanilide, I nevertheless 
believe that by far the larger quantity of the amount produced in the 
distillation of melanoximide is due to another reaction. In glancing 
once more at the expression for the residue of melanoximide we 
perceive that in the theoretical formula^ which suggested itself, 
namely: 

there occur, together with that of anilo-mellon, the formulae of aniline 
and anilocyanic acid. Now, when enumerating the reaetions of the 
latter compound, I have mentioned that on adding it to aniline the 
mixture solidifies at once into a crystalline mass of carbanilide. 

> ^ . 

Garbaailide. 



Anilocyanic add. 



Aniline. 



4 
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It is very probable that the larger quantity of the carbanilide 
accompanying the anilocyanic acid^ is due to a similar reaction, 
1 equivalent of aniline and 1 equivalent of anilocyanic acid separating 
from the residae, which would thus he converted into the anilo- 
mellou, containing 1 equiv. of aniline, w hich I mentioned above, as 
having been obtained by M. Laurent in the action of heat upon 
chlorocyanilide. 

} + 2C« H, N + Ch H. N 0,= C„ H„N ,0, 

This view ia partly supported by experiment. A portion of the 
melanoximide-reaidue^ firom which by continued strong beat every 
trace, both of anilo-cyanic acid and of carbanilide had been expelled, 
was subjected to analysis, when the following results were obtained : 

0*3708 grm. of residue gave : 

0*9146 „ „ carbonic acid, and 

01515 „ „ water. 

Carbon 67*27 

Hydrogen • • • . 4'54i 

requires the following values : 

30 equivs. of Carbon 108 68 97 

11 „ „ Hydrogen .... 11 4 21 
5 „ „ Nitrogen .... 70 26 82 



The formula 



39 M 



Anib-mellou and Aniline 261 100 00 



It is possible that the loss of carbon may have been occasioned 
by incomplete combustion^ these substances burning with very 
great difficulty ; be ibis, however, as it may, I do not attach great 
importance to the analysis of these amorphous bodies produced 
at high temperatures, and offering no guarantee of purity and indi- 
viduality, and am inclined to consider the preceding scheme of the 
action of heat on mehuuline and mdanoximide more as a probable 
theory than as a strict interpretation of unequivocal facts. 



Digitized by Google 



Dft. HOVMANK ON TH« 



Having enumerated in the preceding pages the variout facts 
concerning anilo-cyanic acid, which have been elicited during my 
researches, it remains now only briefly to point out some interesting 
relations in wbicb this compound stands to other groups of bodies. 
In the beginning of this year M. Wurtz published some remarkable 
experiments upon the metamorphoaes exhibited by the compoands of 
the alcohol-radicals with cyanic acid. In these several sabstanceSj 
exactly as in anilo-cyanic acid, the original habits of cyanic acid in 
its behaviour with other bodiea are retained in almost every direction. 
We have obtained in this manner a series of compounda, of which 
cyanic acid is, as it were, the type : 

Ca H N Oa K ^0^ (C^ H^) H N O2 (C^ HJ 

.f ^ ^ ' *■ ' 

Cjranic add. Methylo-cyanie acid, or Etbylo-cyanic acid, or 

Cyauate of MethyL Cyanate of EthyL 

H N O2 (C,, H,,) €, H N 0, (C,^ 

y ' * ^ ^ 

Amfiio-efuiSc mM, or Avilo-cyaiuc acid, or 

Cyiaileof A107L Cysnate of PhrayL 

AH these substances are capable of fixing directly 1 equiv. of 
ammonia^ a series of compoands being produced analogous in com- 
position to urea : 

C« H4 N« 0 . C. H, N, 0, (C, H,) C, O, (C, H,) 

Urea. Methylo-oreau EUiylo urea. 

C, H, N, 0, (C„ H J C, II, N, Oj (C„ IIJ. 

— . > ^ „ 1 

Amylo-urea. AnHo-nxeay naAaiiiiifftHtTfranilMc. 

When in contact with water, % equivs of the wious cyanic acids 
assimilate 2 eqniva. of water, 2 equivs. of carbonic acid being evolved. 
In this case compounds are formed which are analogous to carba- 
mide, urea appearing here as bicarbamide t 

H, N, CO; N Ha, CO N, CO (C, H J N, CO (C^ HJ 



Um, bkarfaMnide. MethjIo-ourlMaiiide. Ethylo-carbatnide. 

Ha N, CO (Cio H J N, CO (C^a HJ. 

^ <» ' ^- , f 

ABIfio-CHrbamida. AoaoJCarl^amide, Carbanilids, 

Phenylo-carbaiiude* 

liBstly, when treated with the alkalies, 2 eqnivB. of water are ted; 
a series of conjugated ammoniaa bong formed while carbonic add 
is eliminated; 
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H^Nj H3N(C,H,)5H,N(C,HJ;H3N(C,oHJ; H3N(C,,HJ. 

' y ' V ^ — V * * / / V \ ' 

AmmonM. Methyl -ammonia. Ethyl-ammonia, Amvl-ammonia, Phenyl-ammoiiia, 
MethylamiDe. Ethylamine. Amyiamine.* Phcnylaminef 

Aniline. 

The preceding synopsis shows the analogy of these various com- 
})ouiids in a sufficiently perspicuous light ; it requires no farther 
comment. I will observe only that these analogies begin to 
exhibit the alcoholic nature of phenole in a very forcible manner, 
la fact in anilo-cyanic acid, we add a new member to the phenole* 
group, in which ali'eady some of the most important terms of the 
oommon alcohol-series are represented. 



Alcohol . . . . C^HjO, 110 
Siilptiethylate of ba- 
rium . . . 

Chloride of ethyl 
Cyanide of ethyl 
Metaoetoditrile . 
Metacetic acid . 

Metacetic ether . 
Cyanate of ethyl . 1 « n n vn 
Ethylo-cyanic acid /^^i^K^W Ml 
Ethylo-carharoide J. q jj |q q 



. C4U.CI 

|C4H«C7-C^H«N 
C4ii|C^Uf O4 



Carbethyl amide 
Ethylo-iirea 
Ethylammonia . I p u m 
EHiylaiiiiiie - . 



C,H,N,0, 



Phenole C^Hs 0,110 

Siilphopherate of ba- 
rium CijU^SO^, BaSO^ 

Chloride of phenyl . Cj^U^Gl (?) 

} C„II.Cy-C„H.N 

Bcmoic Mill > • • C14II1O4 

Benzoate of phenyl . C^H|C|4ll404 
Cyanate of phenyl 1 p u r m n 
Anilo-cyanic add f ^ " ^ 

Phenylo-carbamide \ ^ u m o 

Carbanilule . . J" "s ^ ^ 
Anilo-iirpfi .... CijII^N O5, 
Pheuyiamine . . 1 p u m 
AuilfaM .... J-^n"!" 



The preparation of anilo-cyanic acid beings as mentioned above, 
attended with considerable difficulty^ the new aspect under which 
this compound appears^ when considered as cyanate of phenyl, 
could not but induce me to try whether it might not be formed in 
the same manner as the alcohol-cyanates. The latter compounds 
and the corresponding aniline-term^ although, as we have seen, 
perfect analogues, have been obtained by very different processes. 
The alcohol-cyanates are formed, like so many other compound 
ethers, simply by distilling a mixture of a sulphethylate and a 
cyanate; indeed these substanees form the starting point of the 
aloohol-bases, while in the case of cyanate of phenyl or anilo-cyanic 
add, this body has to be constructed, as it were, by very complicated 
reactions from the phenole-base itself* 

Cyanate of phenyl, however, is not produced under those circum- 
stances which give rise to the formation of cyanate of methyl, eihyl, 

* M. \Vurt£ assigns to this compoimd the term valemiiiiiet but I think amyUunineia 

a more appropriate appellation. 

VOL. II. — NO. vm. a 
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or amyl. I have in vain distilled a mixture of cyaiiate of potash 
with sulphophenate of baryta; the smallest trace of anilo-cyanic acid, 
would have been at once detected by the nose ; it is not formed in 
this reaction.* Incidentally to this experiment I have distilled 
snlphophenate of baryta with cyanide of potassium ; this reaction 
might have given rise to the formation of cyanide of phenyl or 
bensonitrilej a transformation, which appeared of some interest, 
inasmucli as it would have enabled us to reach from phenole upwards 
to benzoic acid, in the same manner as we now step from one aicohol- 
family through the cyanide or nitrile into the acid term of the 
family following next on the scale of organic compounds; however, 
in distilling sulphophenate of baryta with snlphethylate of potash 
no benzonitrile is obtained. 

The impossibility of obtaining eyanate and cyanide of phenyl in 
the same manner as the corresponding terms in the methyl-, ethyl-, 
and amyl-series, sufTiciently shows that the properties of the 
phenyUalcohol differ in many respects from those of the alcohols 

H(n +2 0^){n representing the numbers 2, 4, 6, &c.) ; we might in 
fact adduce a variety of other dissimilarities; but we have to recollect 
that phenole is no homologue but only an analogue of common 
alcohol, the number of carbon-equivalents considerably exceeding 
that of the hydrogen-atoms, while the above alcohols, as indicated 
by the general formula, invariably contain an excess of hydrogen. 

Notwithstanding these discrepancies it may not be useless to 
bear in mind the alcoholoid habit of the phenole-family, were it 
only that its various derivations might assist us in increasing the 
sources, so scanty at present, of alcohol ibrmation. One of the most 
definite processes effecting the prodoetion of phenole is the eiqiosure 
of salicylic add to heat or the action of alkaline earths upon it. Now^ 
we know from M. Strecker^s experiments, a continuation of ^ieh 
is impatiently expected by chemists, that the deamidalion of glycycin 
(glycycol), sarcosin and leucin gives rise to a series of acids 
containing 6 equivalents of oxygen, and standing to the ordinary 

* I may mention bene some other nnniecMsfiil experiments, which I have tried in 
order to obtain anilo-cyanic acid. Tliis compoiiiid contains the domests of snthFBIliUc 
acid or salicylamide ~ 2 equivs. of water, 

C,4 H, N — 2 110 = C,4 N 0, 

* , ' ' • ' 

Antbnnilie acid. Anilo-qratiie add. 

Salicylamide. 

I have ^stilled anthranilic acid and salicylamide with anhydrous phosphoric acid, but 
no anilo-cyanic acid is prnflncfi, ihe af'fio?i tto'myr evidently too Itr* In the case of 
aathranilic acid nearly the whole 6ui>6tance is charred. 
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Compounds produced from Acid Salts by 
etimmation of 4 equivs. of Water. 




: or Antlirauiiic acid 
».;CuH,N,CO, 



>xani]ic acid 
; H. N, C, O,. 



Cyanic acid 
HN.SCO. 



Sul 



Iphocyanic acid 
H N« 2 CS. 



ANIUMIDE8 or ANILBS. 



Anilo-cyanic acid 

Ccarbanile) 
CnH«N,2C0 



Benzimide 
HN, 2C,4H,0^ 



:inanilic acid 
; H, N, C, H, O,^ 

eranilic acid 
;C„HeN,C8H.O^ 

akuulic add 

i c„H,N,q,H,a 

thoranilic acid 
;Cj,H,N,CjoHyO, 

)hanilic acid 
lC„H,N,SO,. 



^^uccinimide 



Phtaliinide 
HN.2CbH,0, 

Campborimide. 
HN,2CS„HyO, 



Succinanile 



Flitalanile 
C„H,N,2C\H,0, 

Camphoranile 
C„H,N,2C„H,0,. 
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alcohols in a relation similar to that existing between sahcyhc acid 
and phenole. It would be interesting to ascertain whether theae 
acids do not exhibit a similar deportment^ and whether a passage 
caonot be effected in this manner from glycycin into the methyl-, 
from aaroosin into the ethyl-, and hma leacin into the amyl- 
seriea. 

yiI.--<-ACYION OP ANHTDBOtrS PH08PH0BIC ACID ON TABIOUB 

ANILTNB-BALTa AND AKILIDBS. 

The salts of oxide of ammonium, both neutral and acid, when sub- 
jected to the influence of heat, lose either 2 or 4 equivs. of water ; 
four classes of compounds being thus produced ; neutral oxalate of 
oxide of ammoniumj by the loss of 2 equivs. of water, beoomea 
oxamide, while by the elimination of 4 equivs. of water, cyanogen or 
Qxalo-nitrile is formed. Binoxalate of ammonia, when losing 2 equivs. 
of water, is converted into oxamic acid ; a compound arising from the 
binoxalate by the loss of 4 equivs. of water, has not as yet been 
formed ; this term, however, is found to be repreaented among the 
derivatives of the nmmonia-salts of various other acids, e. g., of cam- 
phoric and pthalic acids, camphorimide and pthaUmide being bicam- 
phorate and biphtalate of ammonia — 4 equivs. of water. We may 
ihns distinguish as derived from the ammonia-salts by loss of water : 

1. Amides. 

2. Nitrilcs. 

3. Amidogen-acids. 

4. Imidogen-compounds. (Imides.) 

The researches of the last three years have shown that in the salts 
of organic bases resembling those of ammonia in so many respects, 
the analogy extends also to the faculty of giving up a certain amount 
of water when subjected to the action of heat. The experiments 
from which our knowledge respecting this deportment of cvgaiiie 
baaea is derived, have been chiefly performed with anilme, and the 
extent to which the various terms are even now represented in the . 
aniline-series could not perhaps be better iDustrated than by the 
following synoptical table, in which I have placed the derivatives of 
ammonia and of anilme side by ride. {See Table). 

A i^ce at thb table shows that both the amides and the amidogen- 
aeids are pretty numerously represented in the aniline-series. Less 
frequently in this series do the imidogen-compounds appear, of which, 

2 2 
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however, the number is on the increase, the preceding" paper 
having ])ointed out the existence of a new member both in the anihne- 
and melaniline-family (anilocyanic acid and mclanoximide). H) ere is 
only one column in this table in which the spaces for the aniUne- 
terms are altogether vacant, t. the column for the ando-nitrilos; 
there is no compound known .which is derived from a neutral amhne- 
salt by the elimination of 4 equivs. of water. 

The following experiments were undertaken in order to fill up this 
gap. My attention was first directed to the dehydration of oxalate 
of aniliue. This salt, as is well known, when subjected to dry disciila- 
taon, losest like the corresponding ammonia-compound, 2 equivs. of 
water, oxanilide being formed. The removal of two additional water- 
equivalents would have given rise to the formation of a compound 
corresponding to cyanogen or oxalonitrile. Such a compound, anilo- 
cyanogen, aniloxalonitiSe, Cj^ N2=Cy H4, I have tried to 
obtain by the varioas methods which have been successfully employed 
in the formation of cyanogen, from oxalate of ammonia. Oxalate of 
aniline, as well as oxanilide, were repeatedly subjected to rapid distil- 
lation, either alone, or with anhydrous baryta, with protochloride o£ 
sine, or with anhydrous phosphoric acid. The results of these experi- 
ments were far from what I expected. Oxanilide when distilled 
alone, was volatilized almost without decomposition, only an exceed* 
ingly small quantity of an odorous oil being produced. In the 
treatment with anhydrous baryta, aniline chiefly is evolved ; while by 
the action of protochloride of sine and of anhydrous phosphoric acid, 
nnarly the whole mass is charred, carbonic acid and carbonic oxide 
being evolved at the same time. In these latter processes, however, 
mul more particularly in the distillation of oxanilide with anhydrous 
phosphoric acid, the oil wbidi I mentioned before, is generated in 
somewhat larger quantity, a crystalline deposit being formed at the 
same time in the neck of the retort. 

At the time when I first performed these experiment^ I imagined 
that the odorous compound in question was the cyanc^en of the 
aniline-series, derived from oxalate of aniline in the same manner as 
cyanogen itself arises from oxalate of oxide ammonium : 

II3 N, H a O, — 4 HO - C2 N. 
Cu Hy N, H C3O4-- 4H0 = N. 

But unable to procure, even by the sacrifice of several ounces of 
oxaniUde, a quantity of this compound suflicient to establish its 
nature, either by analysis or the study of its reactions^ I was obliged 
to desist at the time from a farther prosecution of the inquiry. 



Digitized by Google 



VOLATILE ORGANIC BASES. 



333 



It was not until I had iuveatigated the derivatives of dicyano- 
melauiline^ that I became acquainted with tlie actual composition of 
the body in question. But having once obtained aoilocyatiic acid in 
the destructive distillation of melanoxiniide, there was no difficulty 
in recognizing that the compound formed in treating oxanilide with 
anhydrous phosphoric acid, is nothing but the same anilocyanic acid. 
The odour could not leave the shghtest doubt upon this pointy but 
Bmall though the quantity of oil was which I obtained in distilUng 
oxanilide, it sufficed to repeat with this product the principal i-eactions 
of anilocyanic acid, which I have enumerated in the preceding paper ; 
so that I have not the slightest hesitation in asserting their identity, 
although 1 cannot offer the conclusive test of a combustion. 

The exceedingly small quantity of anilocyanic acid formed in this 
process^ quite disproportionate to the amount of oxalate of aniline or 
oxanilide employed, shows that its formation is by no means due to 
a regular readion, but to a complicated decomposition, in which the 
largest quantity the oxanilide is actually destroyed, a cireomstance 
which is dearly proved by the large quantity of charcoal separated 
in the process. The crystals in the neck of the retort are nothing 
but carbanilide mixed with a small quantity of oxanilide, which has 
escaped decomposition. The formation of carbanilide is simply due 
to the simultaneous evolution of some aniline, which meeting with 
the vapour of anilocyanic acid, givsa at once rise to the production of 
this compound. 

The formation of anilocyanic acid and carbanilide is supported, 
moreover, by the products arising from the destructive distillation of 
oxamide, in which, together with carbonic oxide, cyanogen and 
hydrocyanic acid, we invariably observe cyanic acid and ammonia, 
which we find again in the neck cf the retort in the form of urea 
(bicarbamide). 

It is not difficult to see in what manner anilocyanic acid is derived 
from oxanilide, these two substances differing only by 1 eq. of hydro- 
gen, whidi &e latter contains in excess. 

C„ H.NO,-H = C.«H,NO,. 

V ^ ^, > 

Oxaiulide. Anilocyauic acid. 

The removal of this hydrogen may be effected in various ways; we 
may suppose, e. g., that it is consumed in the regeneration of an equi- 
valent of aniline : 

2C,^H« N Oa = CuHe NOj + C,2 N + 2C0, 

Oxanilide. Anilocyanic add. Aniline* 
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There must, however, be other modes, for if aniline and anilocyanic 
acid were eliminated in equal equivalents, the whole would be obtained 
in the form of caibanilide^ no free anilocyanic acid being per- 
ceptible.* 

The chief result then of the preceding experiments, is that under 
those circuinstances which induce the elimination of 4 equivs. of 
water from an ammoma-saltj no correspondmg auiline>compound is 
produced. 

I have performed a series of perfectly similar expennieatd with 
benzoate of aniline nnd benzanilide. Under the influence of phos- 
phoric acid or protoclilorifle of zinc, which so readily eifect the 
conversion of benzoate of ammonia or benzrunide into benzonitrile, 
the correspondmg anilme-compounds are altoijether charred. In no 
manner did I succeed in obtaining the aniUnc-term« represeuting 
benzonitrile. 

What then, may we ask, is the reason w hy anihne, which so faith- 
fully imitates all the habits of ammonia, refuses to follow its example 
with respect to the formation of the nitrilea ? The answer to this 
question involves a careful consideration of the constitution of aniline 
and the analogous bases. 

In a former paperf I have given a synopsis of all the facts, sup- 
porting the vievr of BeneUus, that the organic bases are conjugated 
ammoniapcompoundsy in which ammonia pre-exists. According to 
this view, which was in perfect accordance with all the observationt 
which had then been made, aniline is represented by the formula : 

H3 N, (C12 HJ, 

and an aniline-salt, e. g., the oxalate, by the formula : 

H» N, (Cia HJ H 0,. 

This formula gives no satisfactory answer to the above question. 
There is no comprehensible reason why the oxalate of ammonia in 
the aniline-salt should not be deprived of its four equivalents of 
w ater, and why the residuary cyanogen should not be associated with 
the usual adjunct. 

We posseaa, however, another view respeeting the nature of the 
organic bases. According to liebig's ideas, these substances have to 
be considered as amidogen-compounds. In regarding aniline as an 

* In the paper on t y.iniline (Cliem. Soc. Qu. J., I. 1^9). I have mentioned that the 
remarkable odour {ot anilocyanic acid) is strongly evolved in the treatment of this base 
irith ftddi. This ia dow intelligible, if we leodlect tbat the lame mction gives 
rise to the formation of oxanilids. 

t Chem. Soc Qa. J. i. 285. 
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aniidogen-compound, the qucstiou appears under a perfectly different 
light. In representing aniline by the formula : 

and the aniline-salts^ e. g. tiie oxalate and binoxalate^ by the formulae : 

(C^a H5) II3 N, H C2 0„ 

(C^a H J N, II Ca 11 0^ 

we may understand without diffieolty that under the mfluence of 
dehydrating agents, the latter may lose either 2 or 4 equivs. of water« 
(formation of anilidogen-acids, or imidogen-compounds) ; we under- 
stand farther, that the neutral salt may lose 2 equivs. of water (in the 
formation of oxaniUde), but we see with the same facility, that the 
elimination of 4 equivs. of water from the neutral salt is altogether 
impossible, without the destruction of the term C^. Ilr, (phenyl) 
replacing the third equiv. of bydiogen in the ammonia^ only 3 equivs. 
of hydrogen being without the parenthesis. 

It is probable that considerations like those developed in the pre- 
ceding pages, will materially assist in the daboration of more rational 
views respecting the constitution of the organic bases. The apparent 
impossibility of obtaining an anUocyanogen, throws some doubt on 
the pre-existence of ammonia in aniline. It is probably more in con- 
formity with truth to consider aniline as a substitution-product, as 
ammonia, in which part of the hydrogen is replaced by phenyl, and 
this opinion may perhaps meet with the approbation of the Society, if 
I mention that a scries of researches on the action of the bromides 
of the alcohol-radicals on aniUne and on ammonia have enabled me 
actually to replace the basic hydrogen of these substances, equivalent 
for eciUivalcut, by the alcohol-radicals, and to produce in this manner 
a numerous series of new alkaiuida wiiicii appear to uclmit of no other 
mode of interpretation. 
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Nov. 19, 1849. 

Thomas Graham, Esq,, Vice-Pfesideiit in the Chair. 

The Donations announced were : 

"On the use of the Blow-pipe," by Professor Plattner. Translated hj 

J. S. Mnspratt, Ph.D., from the Translator. 

••Taylor's Calendar of the Meetings of Scientific Bodies for 1849— 
1850," from the Author. 

"The new and admirable case of settinge of lime, 1601,** being « 
rcpraiL, irom Mr. J. C. Nesbitt. 

The following papers were read : 

XXXI. — On ike IVaters of ifte Dead Sea, 
By Mk« Thobnton J. Hbrapath and 
William Herapath, Esq.^ F.C.S. 

mSSIDENT or THB BRISTOL PBILO80PBICAL AND LITERARY SOCIETY, AND LBCTDRBS 
CM GHBMISTET AND TOXICOLOOT AT THB BRISTOL 8CBOOI. QW MBOICIMB, &C. &C 

The Dead Sea, or as it is called by the Arabs, Balir Lout (Lot^s 
Sea), though soniewbat insignificant iu size, has, nevertheless, in 
consequence of the extraordinary physical character of its waters, and 
the awe and mystery which ancient tradition has thrown around its 
history, attracted the attention oi iiiuukind from time luimenionai. 
Under the several appeliatiuus of the "Salt Sea,'* (Num. xxxiv, 3; 
Deut iii, 17; Josh, xv, 5) ; the Sea of the Plains," (Dcut. iv, 49) ; 
and the "East Sea," (Ezek. xlvii, 18; Joel ii, 20), frequent mentioa 
of it is to be met with in the Holy Scriptures ; and, in fact, it is now 
suppuised to 0( ('u])y the site of the cities of Sodom and Gomorrah, 
the destruction oi which, by the wrath of the Almighty, is so graphi- 
cally described in the eighteenth chapter of Genesis. In the works 
of the Greek and Roman authors, again, it is often referred to by the 
name of " Lacus Asphaltites/" ur the Bitumuious Lake," and many 
remarks upon the exceedliifr saltness of its waters, and the sterihty 
and desolate aspect of its shores^ are to be found in the pages of 
Tacitus and PI my.* 

The lake itself, as is well known to every person acquainted with 
geography, is situated in the south of Palestine, at no great distance 
from Jerusalem, and is principally supplied by that venerated stream, 

* Tacitus, lib. v, Hist. cap. vi ; Siraboms Geogr. Pliaii, lib. v, cap. xv and xvi ; see 
also vol. II, p. 1107. 
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the Jordan. Its breadth, it would appear from a recent survey, 
undertaken by Messrs. Moore and Beke, in 1837, is about nine miles, 
and its length, according to the same authorities, is thirty-nine or forty 
miles. The latter^ however, is found to vary considerably at different 
times o£ the year, according to the extent of the influx derived from 
the Jordan and other trlbataiy rivers.* The bottom, these gentlemen 
found to be rocky and of very unequal depth, ranging 120, 180, 240 
and even 480 feet, all within the distance of a few yards. With regard 
to its geological situation, the lake lies in a deep hasin, of an irregular 
oblong figure, and is surrounded by steep cliffs of naked limestone, 
which, on the western side, run up to the height of 1,500, and on 
the eastern to 2,500 feet above the level of the water. 

On the surface of the sea, there is often found floating an immense 
quantity of asphaltnm, which is generally carried by the influence of 
tile wind to the western and southern shores, where it is carefully 
collected by the Arabs, who use it as pitch and sell it for medicinal 
purposes. It was this substance which seems to have been employed 
in ancient times, by the Egyptians, to a very great extent, 
for embalming bodies. There are also several mines of sulphur 
and rock-salt in the sides of the mountains on the western coast, 
which not only afford supplies of those useful articles to the Arabs, 
but even to the inhabitants of tlie Holy City* Indeed, many travel- 
lers have stated that the remarkable saltness of the waters is prin- 
cipally occasioned by the existence of similar saline formations 
at the bottom of the sea. So deeply, in fact, is the surrounding soil 
impregnated with this ingredient, that few or no vegetables will grow 
there, and it is from this circumstance, combined with the absence of 
all animal life, either in the waters or on the shore, that recent 
travellers have conferred upon the lake the name Mare Mortnum,'' 
or the Dead Sea. 

The water, like that of the sea, is stated to be of a deep blue 
colour, shaded with gr^ ; but it is considerably more salt, and intoler- 
ably nauseous and bitter to the taste. Bae Wilson, who wrote some 
years ago, describes it to be'not unlike the Harrowgate waters in taste 
and smell, but more disagreeable ; although it approached more closely 
in character to bilge-water. Its specific gravity is so great, that it is 
almost impossible for a man to sink in it; persons who are entirely 
unacquainted with swimming, can He, sit, or swim in it with the 
greatest ease. , Josephus relates that the Emperor Vespasian, for th^ 

* It ia mora tlum probable that its dimensions have become contracted in modern 
times, as, if we magr believe Joeephus, et the period when he wrote, it wm 72 miles long 

by 18 broad. 
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isake of an cxperinient, cauHctl c ertain men to be thrown into this sea, 
with tlieir liaucb and feet bound with cordsj and they floated on the 

surfarc. 

Butlicrs in this lake, however, experience a curious sensation of tlic 
eyes, which has been described by Mr. Lcgli as ti mporary blindness; 
and iij)on c:ettiiig out of the water, evaporation proceeds only very 
slowly, leaving a thick oily incrustation of salt adherent to the skin, 
which remains for many days, as it is impossible to remove it com- 
pletely, even by repeated ablution. 

Notwithstanding, however, that the most obvious peculiarities of 
the water of the Dead Sea have been known and recognized for many 
ages, it has only been in comparatively modern times that scientific 
men have attempted its chemical examination. Within the present 
century, Lavoisier, Marcet, Klaproth^ Gay-Luaaac, Gmelio, and 
Apjohn have each analysed it. 

The celebrated IiaToisier experimented upon it in ooBjanction 
with his no less renowned comitrymen MM, Macquer and Sage,* in 
the year 1778 {vide Table). At that early period^ however, analytical 
chemistry had not attained to such a degree of accuracy as that of 
which it is now susceptible, and consequently there is little or no 
doubt but that they must have overlooked many of the most im- 
portant constituents. The same remarks, ^PpV 
analyses which follow next in the series ; namely, that of Dr. Mar- 
cet in 1807, of Professor Klaproth, and of M. Gay-Lnssac in 1818. 
The former of these analysts was, moreover, inconvenienced by the 
amallness of the qoantily which he operated upon, which did not 
amount to more than an ounce and a half. 

The great differences which are to be observed in Professor Klap- 
roth's nnmb^ (t^ Table) as compared with those obtained by the 
other two experimenters, according to Dr. Maroet, are occasioned by 
that chemist having employed too low a temporatare for the purpose 
of desiccation. 

The last two analyses of these waters, that have been published, are 
those by Professor Gmelin, of Tubingen, and by Dr. Apjohn, of 
Dublin. The former appeared in the year 1826, and the latter in 
1837; they are given in the synoptical table at the end.t 

On comparing the results of these six analyses, it will be seen, 
that in no two instances do they agree either in the proportion or 
composition of the contained salts. The two latter, by Gmelin and Ap- 

* M^moires de FAcad^mie des Sciences, y>. TiO. 

t An analysis by Dr. R. Marduuid appeared this yeu in the Jouro. fiir prakt. Cheio. 
B. XLVU. 353.— Ed. 
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john^ are evidcTitly the ones most to be depended npoDi for the reasons 
already stated ; but even between these, many very great differences 
oecor. The lower specific gravity of Apjohn's specimen, which was 
occasioned by its having been coDected at the close of the rainy season, 
and at about half a mile^s distance from*~the mouth of the Jordan, 
may, it is true, partly account for these : but it certainly will not 
explain the absence of the chlorides of aluminum and ammonium, 
both of which were found by Gmelin, the former particularly, in 
rather considerable quantity. For these reasons, it was therefore 
obvions that another analysis of the waters, performed with all 
the eare and precautions that are now usually employed in this 
species cf investigation, was absolutely necessary, in order that we 
might be enabled to determine which of the above analyses was the 
most trustworthy, or to point out the cause or causes which led to the 
discrepancies observed. Consequently, when Mr. C. J. Monk, (son 
of the venerable Bishop of Gloucester and Bristol), who has recently 
returned from a long journey in Syria and the Holy Land, kindly 
offered to place at our disposal for this purpose a bottle of the water, 
we most wilHngly acceded to his proposal, with what result the 
following pages must testify. 

The. specimen so presented to us was collected by Mr. Monk, 
himself, on the 10th of March last, nesr the north-western 
extremity of the lake, about half a mile from the spot where the 
Jordan enters, but quite apart from all direct influence arising from 
the stream of fresh water which flows into it. 

L FlLEtlMINART BXAMINATIOM. 

The water was perfectly dear and colourless, and did not deposit any 
ciystals on standing in closed vessels, even when cooled considerably 
hdow its ordinary temperature. Its taste, as we have before 
observed, was intensely bitter and nauseous, and when swallowed, 
even in small quantity, it produced a sensation bordering upon sick- 
ness. It possessed no unpleasant odour. Its specific gravity, at 
66^ F., was 1*17205. The boihng-point, as determined in a glass 
vessel, with the barometer at 29*74 inches and the thermometer at 
47*75<^, was 22I*76<^ F.* It did not exert any definite reaction upon 
either blue or reddened litmus-paper, proving the absence of all 
uncombined acid and carbonated slkali ; neither did it in the 
slightest degree affect acetate-of-lead-paper, as from Bae Wilson's 
statement we should have expected it. Only the slightest per- 
ceptible opalescence was produced in it upon boiling, or on the 

* Dr. Apjohn found that of his specimen to be 221°. 
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addition of an ainmoniacal solution of chloride of calcium, when, 
in the latter case, care was taken to add previously a sufficient quan- 
tity of muriate of ammonia to prevent the precipitation of the 
magnesia. Consequently, only the faintest traces of carbonic acid or 
carbonate of liuie were present. 

The chloride of gold test of Dup;LM|un r gave uumiislakeable ])roof8 
of the existence of an abnormal proportion of organic matter. Other 
reagents showed that it likewise contained magnesia or magnesium, 
lime, alumina, the oxides of iron and manganese, soda, potash and 
ammonia ; also chlorine, broiiiiue, and sulphuric acid, with traces of 
silica, bitumen, arid lodme. The latter occurred only in exceedingly 
minute proportion. 

II. QITAKTJITATIVE ANALYSIS. 

A. Determination of the entire amount of saline ingredients. 

Great care was requisite in this part of the investigation in order to 
avoid loss from the evolution of hydrochloric acid, by the decomposition 
of the earthy and metalhc chlorides at the high temperature to which 
it was necessary to expose the saline residue previously to weighing. 
This source of error was obviated by mixing a known weight of 
perfectly pure and anhydrous carbonate of soda with the water, prior 
to evaporation. 

Weight of wi^ Na O, CO* em- Saline residue True percentage 

taken. ployeiL obtained. ofsiJts. 

h 1281*9296 grs. 229*53 537*727 24*03998 
11. 1709-2395 „ 306-04 717*256 24*05668 



Mean . 24 04833* 

B, Estiination of tbe Organic Matters. 

The saline residue from the first ex]icrinient, which had been 
dried at a temperature of 350^ F., was repeatedly extracted with 
boiling water, and the solution evaporated to dryness. The dried 
matters which remained behind were then riiicly powdered, again 
dried for niaiiv hours at 350^^ F., and afterwards heated to redness. 
The loss amounted to 0*792 = 0 061 73 per cent of organic matters 
in the water. 

The residue from the second experiment {A. IL) was employed in 
testing for the organic acids ; not the slightest trace, however, of 
crenic or apocreuic acid could be detected. 

* Even this determination, however, it will he hereafter seen, is somewhat below the 
truth, on account of the suhlimation of a small quantity of sesquicarbonate of ammooiii, 
produced by the action of the carbonate of soda on the chloride of ammonium con- 
ti^ned in the water. 
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C. Examination for Nitric Aeid. 

In this attempt we made use of the test which has been ktdy 
described by M. Lasaaigne.^ A known quantity of the water was 
evaporated to dryness* The salts thus obtained were then reduced to 
a fine powder, and treated several times in aacoession with boiling 
alcohol, 8p. gr. 0-8010, until everything soluble in that menstmmu 
was extracted. The alcoholic solution having been then introduced 
into a retort, and the greater part of the alcohol removed by distilla- 
tion, the remainder was evaporated to the consistence of a syrup, and 
treated with a large excess of recently-precipitated tribasic-phosphate 
of silver. A moderately large quantity of water was then added, and 
the chloride, bromide and excess of phosphate of silver separated by 
filtration. Upon testing the filtered solution with an allcaline chlo- 
ride, only a very slight degree of opacity was produced, and even this, 
in all probability, was caused by the presence of a small quantity of 
the phosphate of silver, which is known to be not perfectly insoluble 
in water. 

It may be observed, that in a comparative experiment, undertaken 
in order to ascertain the value of this test, we could readily detect 
and estimate quantitatively the nitric add, when 0*01 gr. of nitrate 
of potaili was added to 970 grs. of a mixture of chloride of sodium 
and sulphate of soda. 

The same negative results as to the presence of nitric acid in the 
water were obtained by our own process, described in the last number 
of the Quarterly Journal of the Society (No. YII. p. 203). 
J). Determination of the Sulphuric Add, Chlorine, and Bromine. 

0. 1700*2895 grs. of the water were predpitated by nitrate of 
baryta ; we obtained of sulphate of baryta 2*018 grs. = 0*68235 gr. 
of sulphuric adds 0*039921 per cent. 

The filtered solution was addified with nitric acid^ and an excess 
of nitrate of silver added ; the mixed predpitate of chloride and bro- 
mide of silver produced, weighed 1060 784 grains. This matter 
was then heated to redness in a current of dry chlorine p:as, and 
the loss of weight noted; it amounted to 2*004 grs. It Llierefore 
contained of : 

Percentage of wat«r. 
Chlorine . . 262-97838 g;rs. 15 44420 

Bromine . . .372041 \, =s 0*21767 

We likewise examined the, watev tVir uidine^ both by the ordmary 
test of nitrate of palladium, and also by that of starch and sulphuric 

* Compter Ren<lu$, August 13. 1849, also see CUem. Gaz. voL vii. p. 363. 
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acid, adopting the precautions mentioned by Dr. Cantu but onlj 

very faint aud doiibtfal traces could be discovered. 

E. Estimation uf the Alumina and the Oxides of Iron and Manganese. 

The alumina was preripitated in the first instance ^vlth the ii'on 
and manganese as sulphurets, the latter were afterwards peroxidi^ed 
and separated from each other in the ordinary manner. 

1709-2395 grains of the water gave a precipitate of the three 

ojudes^ which weighed 0*465 gr. This contamed of : 

Per cent of urater. 

, . 0029 = 0 001697 

. 0-064 s 0*003745 

Alg O3 . . 0-379 = 0*022174 
F» Estimatioii of the lime and magnena. 



Mn^ O3 



Water taken, 



Carbonate of Lime* 



Lime, 



Per centafe 
in water. 

= 1-255474 
» 8-313890 



Water taken. 
1709-2395 



Mixed alkaline 
diloridei. 



Potasssio-chlohde 
ofplattnmn. 

67-627 = 



1 38-320 grs. = 21 -45903 
1 709*2395 I pyrophosphate of magnesia. Magnejda. 

I 154-820 grs. = 56*64233 

O. Estimation of the potash and soda. 

r Chloride 

I 20-B075 grs. 

227-792 grs. 67-627' = U'i^^t;^^;;: 

This quantity of water, therefore, contaiiiiHl of 

Potash . . 13-14io42 = 0 768853 per cent. 
Soda . . . 110-391596 = 6-458519 
/f. Estimation of the ammonia. 

2563-85U0 grs. of the water distilled with an excess of caustic 
potash yielded ammonio-chlonde of platinum Q-Gll gr. = 0*04591 
gr. of ammonia = 0*001791 per cent in the water. 

Now upon collecting together the above nnmbeis, it will be seen 
that 100 parts of the water of the Dead Sea yielded^ of 



99 



Organic matter {Bj 
Sulphuric acid (D. a.) 
Chlorine (D. b.) . 
Bromine . • 
Peroxide of iron (E) 
Sesquioxide of manganese 
Alumina 
Lime (F) 
Magnesia 
Potash (G) 
Soda 

Ammonia {H) 



0-061730 

0039921 

15-444200 

0- 217670 
0001697 
0003745 
0022174 

1- 255472 
3-313890 
07G8853 
6-458519 

0-ooim 



* Raccolta Fisico-Cbemica italiana. No. zxviii. 1848. See a^so Chen. Gaz. tqI. ti. 
1^394. 
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Consequently its true compontion 

Cbloride of calcium « 
Chloride of magnesium • 
Bromide of magnesium • 

Iodide of magnesium 
Clilorifle of sodium 
Chloride of potassium • 
Chloride of ammonium • 
Chloride of aluminum 
Chloride of manganese . 
Chloride of iron 
Organic matter (nitrogenous) 
Nitric acid • 
Carbonate of lime . 
Sulphate of lime . 
Silica . . • . 
Bituminous matter 



9> 



will be: 

« 2*455055 percent 

, 7-822007 
. 0-20 1173 
doubtful traces 

• 12 ] 09724 per cent 
. 1-217350 „ 

• 0005999 
. 0-055944 
. 0 005998 
. 0002718 
. 0061780 

very doubtful traces 

• faint trace* 
. 0 067866 per cent 

traces 
ditto 



M 

ft 
i> 



24055564 

Total amount of salt as determined by 

actual experiment . • • . 24'048330t 

We shall refrain from entering upon any comparison of our analysis 
with those previously published; but shall content ourselves with 
calling the attention of the members to the subjoined synoptical 
table ; a glance at which will enable them to arrive at a much more 
correct idea as to the correspondence of the several results than any 
amount of words would do. 



* After the above analysis was concluded, a further proof of the exist f nop of carlionate 
of lime in the water was obtained in the following manner. Upon casually examining 
the ridet of the empty bottle Iqr tnasuitted light, a very tmiin quantity of a grey lloe* 
etdent substance was seen adhering to the inner snrfa rs ; aiKl this, being eefHirated by 
means of a clean caontchouc was^i^r anfl n fcv. ops of distilled water, was found to 
weigh 0 029 gr. (per quart). When examined chemically, it effervesced upon the ad- 
dition of a diluted add, and the solution was precipitated by oxalate of ammonia, &c., 
in the Bane manner as lime. No efliset was pradueed either hgr aasnumiat or the triple 
phosphate of soda and ammonia} it tiierefore did not contaia alnmina, osride of traOf or 
magnesia. 

t Close as is the approximation between these two determinations, yet, if we take 
into eonsideratiain the smstt loas which mnst natnrally have taken place in the second 
instance fnm. the evdntion of the anunoniacal salts, it wQI he seen to he leally still 

more so. Thus, upon reteeace to p. 340, we shall find, as the mean of experiments, 
that 1495-5845 grs. of the water, phu 267*785 grs. of NaO, CO,, gave 627 4915 grs. 
of saline residue* Now subsequent experiment (p. 342) proved that this quantity of 
water must have coatained of NH,, 0-08678 gr., which Is eqniTalenit to <M>92963 gr. 
of 2 NH„ 3 Cp,-i>2 HO. C3onseqnentlf 6a7*SM4e3 (627-491500 -f- 0*092963) — 
267 785 rtlif' weight of NaO, CO, employed) = 359-799463 grs. represent the true 
weight of the salt contained in that quantity (tf the water, which is equal to 24-05745 
per cent. 
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XXXII. — Analysis of the IVell- Water at the Royal Mint, with some 
Memarki <m ike Waters of the London fVells, 

By WitUAH Thomas Brands, l&a^, V.P.C.S. &c. 

Previous to the year 1842^ the Mint was supplied with water 
principally from two sources: the dwelling-houseSj offices, and a 
part of tiie works^ by the New River Com})any ; and the steam 
engines^ by wells partly supplied by so-called land- springs, and 
partly by a tunnel communicating with the Tower Moat ; the prin- 
cipal supplies being derived from the latter ; so that when in conse- 
quence of any works carrying on at the Tower, the access of the 
river to the moat was impeded, the operations of the ISIint were not 
nnfreqnently dbliged to be suspended; besides which, the water 
derived from that source was always mnddy, and often very foul and 
offensive. 

In consequence of this bad condition of the water in the Tower 
Moatj and the effluvia arising from it in hot weather, it was resolved 
in the year 1843, to drain and lay it dry. The Mint was accord- 
ingly idtogether deprived of its supply of water from that source, 
and the land springs supplying the wells of the several steam 
engines, to say nothing of the impurity and hardness of the water 
thence derived, were found wholly inadequate to the wants of the 
engines. It therefore became necessary to have recourse to the 
New River Company for such additional supplies of water as might 
be wanted for carrying on the busmess of the Mint ; and for this, 
their charges, as far as the steam engines were concerned, were at 
the rate of £10 per horse power per anmm; but, from various 
causes, these supplies could not slways be depended on, so that on 
several occasions a temporary suspension of the business of the Mint 
was the consequence of a deficient supply of water. 

Under these circumstances it became my duty to suggest to the 
Master of the Mint, the adoption of such measures as might ensure 
fw the future a regular and adequate supply of water for the use of 
the whole establishment, and to this end, it was necessary in the 
first instance, to make myself accurately acquainted with the actual 
condition of the several wells existing in the Mint, and with the 
quantity and quality of the water which might be derived from them. 
I was therefore authorised by the Master of the Mint to consult 
with Mr. Thomas Clai k, au experienced Well Engineer, in reference 
to the subject ; and I accordingly desired him to examine into the 

VOL. II. — NO. VIII. A A. 
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condition and capabilities, of all the wells, shafts, and tunnels, con- 
nected with the supplies of water throughout the building. This 
examination was carefully and effectually accomplished ; and it 
appeared that the several wells were in a very dilapidated, and 
■ome of them, in a very dangerous state ; that few of them were so 
situated, or conditioned, as to admit of being sufficiently or safely 
deepened, so as to yield an adequate supply of water ; and that^ as 
respected the wells in the several engine-houses, they were mere 
reservoirs connected with the tunnel-shaft from the Tower^ and 
therefore almost ezclasively supplied from the mnddy sooroe of the 
Tower Moat. 

Having personally convinced myself of the correctness of this 
Report, and having had Mr. Clark's statement corroborated by 
Mr. George Rennie, I represented the matter in detail to the 
Master of the Mint, and suggested three plans for consideration^ 
namely: 1. To derive the requisite supplies of water from the 
Water Companies. 2. To repair the present wells, and to deepen 
such of them as would admit of that operation. 3. To sink an 
entirely new well : unci I strongly urged the adoption of the latter 
alternative, which, after doe consideration, was agreed to. I there- 
fore obtained proper plana and estimates from Mr. Clark, which, 
after having been submitted to the Board of Woods, and by their 
direction^ to Major Jebb, were ultimately ordered to be earned into 
execution. 

These plans included the sinking of an entirely new well; the 
erection of a capacious water-tank, at a sufficient height to aapj^y 
the ordinary demands of the Mint ; proper pumps for raising the 
water^and mains for distributing it over idl parts of the buildings; 
together with fire-cocks^ and other arrangements, the details of 
which would be hnrelevant to the object of this communication. 

It may be right to premise, that the total depth of this new wdl 
is about 426 feet ; that the depfli from the sur&oe down to the 
chalk is about 224 feet; and the borings into the chalk about 202 
feet ; the following being the wdl-sinkers^ account of the strata gone 
through ; namely : 

Feet 

Mado earth 11 

Gravel and sand (with water) ...... 13 

Blue chiy with a few sandy veins (no water) . . .98 
Coloured sand and pebbles (abundance of water) . • 14 
Dark sand with veins of clay (little water) ... 4 
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Mottled clay (dry) 6 

Loamy sand and dark day (little water) .... 6 

Blue clay with shells • 6 

White rock (quite dry) 8 

Green sandy rock and pebbles (dry) .... 3 
Loamy green sand and black pebbles (little water) . 6 
Green sand and pebbles (abundance of water) ... 6 

Dark sand with sheila 40 

Flints 10 

Chalk 202 



426 

The lining of the upper part of the well, through the gravel and 
nto the blue clay, is composed of stout cast iron cylinders, inch 
thick, and 8 feet clear diameter; they are made in 5 feet lengths, with 
internal flanges 8 inches wide, packed, and jointed with strong bolts 
and nuts : these prevent all access of the land springs from above. The 
shaft is then steined to the depth of 88 feet, (that is, neai'ly through 
the blue clay), in 9-inch cemented brickwork; after which, cast iron 
cylinders are resumed^ of 7 feet diameter, and these are continued 
down to the chalk ; but after passing through the stratum of mottled 
clay, they include a series of cylinders of 6 feet diameter, the space 
between the outer and inner cylinders, being filled with gravel- 
pebbles ; a bore-pipe, 20 inches diameter and 4B feet long^ is then 
driyen to about 10 feet into the chalk, and through this the boring 
is continued, by an 18-inch auger, to the entire depth of the 
well. 

This well, and all the works connected with it, were completed at 
Christmas 1846, and on Ibe 1st of January 1847, the wbole of the 
works of the Mint, and the dwelling-houses, were supplied with the 
water, which is n^sed in a 6-indi main to a height of 50 feet above 
the surface, or 130 feet above the average level of the water in the 
well ; and is delivered at the rate of 240 gallons per minute, by means 
of three pumps of d-inch diameter and 8-inch stroke, into a tank 
supported upon a building of brickwork* This tank is 100 feet long, 
80 wide, and 5 deep; it contains, therefore, 15,000 cubic feet of 
water, or 98,750 imperial gallons* Two 6-inch cast-iron mains, 
furnished wiUi proper slide valves, deseed from this tank, one 
passing on either side of the Mint, so as conveniently to supply the 
wbole of the establishment: the daily consumption of water fre* 

A A 2 
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quently exceeding 40,000 gallons; besides which^ a daily supply 
of about 6^000 gallons is delivered, by means of a main laid from the 
Mint across Tower Hill, to the Tower^ for the iise of the inhabitants 
and the garrison ; there being at present no serviceable wells in that 
fortress, and the water derived from the adjacent river being oh- 
jectionable in point of cleanliness. 

The average height which the water attains in the shaft of the 
Mint well is 80 feet from the surface. After a day's pumping it is 
lowered, upon an average, 20 feet, but there it remains stationary, 
the flow of water from below maintaining the level, or in other 
words, delivering at the rate of about 2 10 gallons per minute. 

Before this well was completed, and before the boring into the 
chalk had been accomplished, the water derived from it contained 
44 grains of dry saline matter in the imperial gallon. At present 
the machinery being complete, and the well in full and daily use, 
the mean of several experiments in reference to the solid matter 
contained in the imperial gallon of the water, amounts to 87*5 grains* 

The substances contained in each gallon of the water are as 
follow: 

Sulphuric acid .••«•••..».»•* 7*44 

Chlorine 6*31 

Carbomc acid, (after boiling) • ... 5*84 

Silica 0*50 

Sodium (combined with cbl rine) 4*22 

Soda, (combined with sulphuric and carbonic acids) • •10-82 

Lime 196 

Magnesia 0*71 

Organic matter 1 

Phosphoric acid V • traces. 

Iron I 



The water evaporated to one-fifth of its bulk, and filtered, had lost 
almost every trace of lime and of magnesia, so that it is probable tliat 
the greater port of those substances were held in the state of carbo- 
nates, by excess of carbonic acid. The carbonate of lime forms 
films during boiling, which subside, and appear under the microscope 
in the form of very minute acicular crystals. The crystalline deposit 
obtained by slowly evaporating the water after the precipitated 
carbonate of liiiic has been separated by filtration, exhibits, under 
the microscope, three distinct forms; namely, cubes, (of chloride of 
sodium) ; prisms^ which lie distinct upon the other salts^ and are 
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efflorescent, (sulphate of soda) ; and small aggregates of rhomboids 
intermixed with small splicncal particles^ like pin-head*<j (carbonate 
of soda). The residue of the evaporation of the water, alter having 
been gradually raised to a dull red heat, acquired a grey tint, and 
exhaled a slight odour of burning azotizcd matter; and a piece of 
moistened turmeric paper held in the evolved vapour was transitorily 
reddened. 

I have not been able to detect any potassa in this water; and only 
a slight indication of the presence of a phosphate, in the precipitate 
deposited by the water during boilmg. 

Upon the whole, I am inclined to regard the following as a 
tolerably correct statement of the proximate saline components of this 
water: 





Qrtaaa in tbe Imperisl gtllon. 




. . . 10-68 




. . . 1814 










Carbonate of magnesia 


. . . 1-50 


Silica 




Organic matter 1 








Phosphoric acid J 





87-80 



The specific gravity of the water at 55^ is 10007. Its gaseous 
contents I have not ascertained* 

A section of the well accompanies this paper, which will shew such 
details of its eonstruetbn as I have not thought it necessary to enter 
into, as well aa the relative thickness and position of the intersected 
strata. 

I have examined the water of several other wells in and about 

London^ some of which derive their supplies from the sands under 
the blue clay, and others, to a greater or less extent, also from 
borings into the chalk, and I think that in most cases, the latter 
waters are the more pure ; that is, that in proportion as the borings 

arc deepened into the chalk, the less are the solid contents of the 
w^ater. There are in London and its vicinity, some very deej) wells 
which yet do not reach the chalk j and others, of a less depth, which 
are earned nito it : arisine: out of inequalities in the surface of the 
chalk, and the vaiymg thickness of the blue clay itself; so that the 
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variations in the relative quantity of solid matter in the waters 
derived from these wells, is no criterion of their respective depths.* 

Tin- shallow of the London district, by which I mean those 

whicii do not penetrate the blue clay, but derive their supplies from. 
the gravels and sands above it, yield water of varying quality, hut 
^always much less pure than that of the deeper wells, and ^enriany 
abounding ni sulphate of iune, and consequently 'eniniently Jiard, 
as respects the decomposition of soap, and otlu r common culniary 
uses. There are many of these wells in \vliieh analysis detects indica- 
tions of contamination by sewers, and by the vicinity of gas-pipes ; 
and some of them have been disused and filled up on that account. 
There are also, as is well known, many which are either in church- 
yards, or upon their boundaries ; and it is from these parish pumps^ 
that the neighbourhood often exclnsiyely derive their supply of 
drinking-water. I am at present examining the waters of several 
of these wells. In those which I have already examined^ I have 
been struck with the abundance of nitratea, generally nitrate of 
lime ; and this^ in some of them is accompanied by what may be 
termed a lai^ proportion of organic matter ; so large indeed, that 
on proceeding in one case to heat the dry residue of the water to 
redness, a deflagration ensued ; and yet, this water is bright and 
colourless, has no unpleasant taste, and is abundantly resorted to as 
. Tery superior spring-water by a veiy populous neighbourhood. 

How far such waters may or may not be salubrious^ is not a ques- 
ti(m here to be discussed ; but in some cases there can, I suppose, 
be no doubt upon the subject, inasmuch as I have found two of 
these waters of an evident, though slight, brown or peaty tinge, aa 
furnished from the well; soon becoming brown on evaporation, and 
yielding abundant evidence of containing that species of bumic 
extractiye in which the adjacent soil no doubt abounds* I have in 
no instance been able to detect ammoniacal salts in any of tiiese 
waters, but I presume that the nitric acid which they contain is the 
result of the oxidixement of ammonia. 

It was my wish to have laid some of the results of these analyses 
more in detail, before the Society ; my apology for such imperfect 
details is, the hope that they may engage tiie attention of other 
analysts ; that the important subject of the condition of ike waters 
of London and its vicinity may meet with the attention it deserves; 

* The chief peculiarity of these waters is derived from t he presence of carbonate of soda, 
which notwithstanding the large relative proportion of other salts which they often con- 
tain, confers upon thero a peculiar sqftneu aa regards the tot^-testf and seems to render 
them veil acbqited for domeatic hm, uid especially for ihe iiiifaaioii of tea and coffee. 
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and that the comprehensive subject of the metropolitan supply of 
water may be scientifically^ and accurately, and dispassionately 
considered^ by those who are adequate to the task. 

As regards the leading question of Biver supplies on the one 
handy and Artesian supplies on the other, I cannot however, help 
expressing myself decidedly in favour of the former* Deep wells 
are pre-eminently valuable for local uses; but, the peculiarities 
of the waters which they afford ; the depth from which^ in many 
situations and under most circumstances, those waters must he 
raised; the possibihty^ and I think 1 may say^ probability of 
the inadequacy of their supply; and the ehances of their mutual 
intei'ference, are some of the circumstances which in my mind 
should be well weighed^ before the gigantic scheme of the supply of 
the metropolis from such sources is seriously entertained. On the 
other hand^ pure River-water is already upon the surface, in various 
quarters^ in unlimited quantity^ and at no great distance ; and when 
filtered^ an operation which^ as experience has shewn, is attainable to 
any extent, ito quality is in all respects superior. That many parts 
of London are Imdly and inefficiently supplied with water, and that 
in some places none is laid on, cannot he denied; but a slight move- 
ment in a proper direction, would I think remedy all real evils under 
this head. I must further beg leave to express my opinion in favour 
of the adequacy of the existing Water Companies to the accomplish- 
ment of all that can be reasonably required : the magnitude of their 
united means, the general exoeUence of their arrangements, the 
pzaetical skill with which they have been devised and executed, and 
the lesouToes which are still open to them where increase of supply is 
demanded, are the circumstances upon which I found this opinion. 

I flhall conclude with a short comparative table, showing the 
relative quantity of solid matter contained in such river and spring 
waters as have been carefully analysed; intending, upon a future 
occasion, to extend the list, to give the details of the analyses, and 
the names of the analysts ; in their present imperfect state, however, 
the following details will serve to illustrate some of the points 
touched upon in the preceding notice. The wells which are termed 
deep, derive their water from the strata below the blue day, and 
some of them penetrate into the chalk ; those termed shalhw, are 
supplied teom the strata above the blue clay. This is the case with 
most of the common London wells, which, however, are often 
steined to a considerable depth in the clay, for the purpose of forming 
a reservoir. 
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^ Solid matter in 

fhe imperial gaUoo. 

Thames at Greenwich • . • . 27'9 

London 280 

Westminster 24*4 

Brentford 192 

Twickenham 22*4f 

Teddington • . 17*4 

Average of the Thames between Teddington and Greenwich . 23 2 

New l^ver 19-2 

Coke 213 

Lea 23 7 

Ravensbome at Deptford 20 0 

Combe and Dclaficld's Brewery, Long Acre. Deep well . 56.8 
Apothecaries Uall^ Blackfriars . . . ditto. . • 45 0 

Not ting Hill ditto. . . 60 G 

Boyal Mint ...... ditto. . . 37*8 

Hampstead Waterworks .... ditto. • • 40*0 

Berkeley Square ditto. . • 60*0 

TUburyFort ditto. . . 76*0 

Goding's Brewery^ (Lambeth) • . . ditto. . • 50-0 

Ditto shallow well . llOO 

Morels Brewery (Old Street) . . deep well • 38*0 

Ditto shallow well . 110*0 

Trafslgar Square Fountains . . deep well . 68*9 

Well in St. Paul's Churchyard 75*0 

„ Breams Buildings 115*0 

„ St. GQes, Holbom 105-0 

4, St. Martin's^ Charing Cross . • • • . 95*0 

„ Postern Row^ Tower 88*0 

Art^ian well at GreneUe, near Paris ..... 9*86 



XXXIIL— Ofi Titammn. 

By rilOFKSSOR WoHLER. 

Tlie beautiful copper-coloured cubic crystals of titaiiiiim^ tlie 
formation of which have been so often observed in the blast iron- 
furnaces, are not that wiiieli we have hitherto considered them; tbey 
are not a sim])le, but a compound body. They consist of a combina- 
tion of cyanide of titanium with nitride of titanium, composed 
Bccordiufr to the formula : Ti C2 N + 3 Ti., and contain in 100 
parts, titanium 78 00j nitrogen 18*11, carbon 3*89; that is, they 
consist of cyanide of titanium 16*21, nitride of titanium 8d'72. 
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The treatise laid before the Gottingen Society contains the detailg 
of the manipulation used in the analysis and the proofs for assuming 
this composition ; here the author only commiiiucates the behaviour 
which led to the detection of the carbon and nitmgen. V\ hen these 
cubic crystals arc heated in dry elilorine gas^ liquid chloride of tita- 
nium is produced; at the same tune a crystalline, volatile, yellow 
substance sublimes in considerable quantity. This substance is 
a coiiipound of chloride of titanium with chloride of cyanogen, 
which can be dn-ectly and easily produced from the two chlorides. 
At the end of the operation, about 1 per cent of residue renjains 
behind, consisting" of i;ia])hite m fine scales; this is, however, an iu ci- 
dental impurity, and exact c.\})ermicnts have shown that this graphite 
plays no part whatever in the formation of the cyanogen. When 
the?^e crystals are powdc ! ( d, mixed with hydrate of potash andfused^ 
ammonia is evolved and titanate of potash is formefl. 

When the crystals are heated to redness in a ])oreelain tube, and the 
vapoui* of water in a continuous stream is ])assed over them, a consi- 
derable quantity of hydrogen gas is set free, as observed by llegnault ; 
but there is also at the same time a disengagement of ammonia and 
hydrocyanic acid. If this experiment be made with the crystals in 
their natural state (not powdered), the titanic acid produced main- 
tains the form of rounded cubes ; but under a magnifying power 
of 300 diameters they have the appearance of an aggregate of 
crystals^ the greater part of which present themselves in an entire 
form ; and what is most remarkable, this form is identical with that 
of the mineral Anatase, that is, they are pointed octahedrons, with 
a square base, possessmg a strong lustre, and all the peculiahtaes 
belonging to this mineral. 

The cahes, when reduced to powder, bave^ moreover, the remark- 
able property, if mixed with oidde of copper, lead^ or mercury, and 
heated, of emitting a lively sparkling €ame, and reducing the oxides 
of these metals ; this behaviour was taken advantage of for deter- 
mining the proportion of carbon in them ; the heat evolved is so 
intense and instantaneous, that even copper runs into a globule in 
the glass tube. With regard to the formation of the crystals in the 
smeltmg furnace, the writer believes there can be no doubt that 
it stands in intimate connection with the formation of cyanide of 
potassium, which has been so often observed in these furnaces; 
some experiments which he undertook to make this, if possible, 
more clear, fully confirm the supposition. A mixture of ferrocyanide 
of potassium and titanie acid was exposed in a well-closed crucible, 
for an hour, to a heat in which nickel would melt ; the result was a 
brown unfused mass, which under a magnifying power of 800 diame- 
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ters, presented, besides tlie particles of metaUic iron, throughout the 
whole mass, a network of copper-coloured, strongly metallic, shining, 
short prisms, which, as indicated by the colour, arc composed of the 
same substance as the cubic crystals. After removing the iron ! v 
means of hydrochloric acid, these remained, mixed with carbon, and 
exhibited all the properties belonging to the cubic crystals. 

Tiie titanium ust^d iu all these experimcnus was produced at the 
Ruebeland smeUing lumace, iu the Hartz, where lately a mass of 
titanium has been founds < stiinated at 80 lbs. (Hanover) weight. 
The Author has not had an oppoitunity of examining the crystals 
from other furnaces, but there can be scarcely a doubt that ail are 
perfectly identical in composition. 

Nitride of Titanium, — As long as the cubic crystals of titanium 
were considered to be pure titanium, it was, from their similarity 
of coloui-, a ]iardonable fault to regard as the true metal the copper- 
coloured substance lirst produced by H. Rose from the doulde chlo- 
ride of titamum and ammonium, by subjectins^: the same to the action 
of heat in gaseous ammonia. But this latter substance is likewise 
not that which m c believed it to be, but a nitride of titanium, com- 
posed according to the formula Tig No, or more probably Ti^. N^^, that 
is 3Ti N-f Ti. N, and contLiins nearly 28 per cent ol" nitrop:cn ; also, 
on more accurate eoinjjLirison, a difference in the colour may be 
perceived; this latter compound being much redder than the cubic 
crystals, which have a tint of yellow ; 100 parts ".^ive by combustion 
only 120, whereas if pure titanium, they should yield 166 parts. 
When fused with hydrate of potash^ gaseous ammonia was abim- 
dantly evolved. 

This is not the only isolated combination of titanium and nitrogen 
that can be produced ; the Author has found, that two otlier com- 
pounds exist. All these compounds exhibit the same remarkable 
phenomena as the cubic crystals (viz. under a lively evolution of flame 
th^ are oxidized, and the metallic oxides reduced) when powdered 
and mixed with the oxides of the easily reducible metals and subjected 
to the influence of heat. All these compounds ean sustain a tempe* 
ratore at least equal to that in which silver would melt without ' 
undergoing decomposition. All give, when fused with hydrate of 
potash, gaseous ammonia. The nitride of titanium, Ti is pro> 
duced when titanic acid is subjected to a strong heat in a stream 
of gaseous ammonia; its powder is of a dark violet colour^' with a 
copper-coloured tint; in small pieces it possesaes a violet copper 
colouri and metallic lustre. 

The nitride of titanium^ Ti^ N,, or more probably 2 Ti N -I-T3 Nj 
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is produced when Rose's titanium is submitted to the action of a 
stream of hydrogen at a strong red heat, whereby the nitrogen which 
it gives off is carried away in the form of ammonia ; it possesses a 
metallic lustre^ and a brassy or almost gold-yellow colour. This 
compound is obtained, (impregnated, however, with carbon)^ when 
titanic acid is heated to redness in a stream of cyanogen gaa^ or in 
the vapour of hydrocyanic acid ; here, however^ it must be remarked^ 
that cyanide of titaniam is not formed. 

The Author can also reply to the question — ^What is the character 
of pure titaniam ? This substance was first observed by Berzelius ; 
it was not, however, closely examined by him ; it is that body which 
is produced by heating the doable fluohde of potassium and titanium 
with potassium. The Author prepared it in a covered platinum 
cradble i the reduction was aceompanied hy » lively evolution of 6ame* 
After washing and separation by water, pure titaniam remains 
behind, as a dark green, unerystalline, and tolerably heavy powder. 
Even after being subjected to pressure, one cannot discern a shade of 
colour approaching Ihat of copper, and under the microscope it ap- 
peared as a cemented mass, having the colour and lustre of iron. If 
heated in contact with the air, it burns with much splendour; 
sprinkled into a flame, it bums at a considerable distance above ilai 
point with the same brilliancy and splendour as uranium ; if brought 
to a red heat in oxygen gas, it is sndidenly consumed with a splendour 
resembling a discharge of the eleetric fluid. Its comportment in 
chlorine gas is very similar, requiring also^ however, the aid of heat; 
mixed with minium and heated, it hums with such an intense erola- 
tion of caloric, that the mass is thrown out with a report. Titanium 
possesses the property of decomposing water; at the temperature of 
100^ C. (212^ P.) in pure water^ hydrogen gas begins to he evolved, 
and in warm hydrochloric add it is dissolved, with a brisk disengage- 
ment of hydrogen. Ammonia throws down from the solution a 
hlack oxide; if the liquid he then warmed, a disengagement of 
hydrogen takes place, the precipitate becomes first hlue and is after- 
wards transformed into white titanic acid. 

The Author has the intention of extending his experiments on the 
compounds of nitrogen to the other substances nearly allied to tita- 
nium, namely to silicium and horon, in the hope of increasing our 
knowledge respecting the nitrides of the metals, for the discovery of 
which we have to thank Schroetter, and also in the hope of ohtaining 
something definite from Uie compounds discovered hy Balmain. 
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On the isomeric mo>1ifications of phosphoric acid.* — Rose has shewn that 
the oxides of tin, aud the other metalUc oxides which possess an acid cha- 
racter, are capable of assmning very diffbrent properties when exposed to 
different degrees of temperatore, but pliosphoric acid far surpasses any of 
these metafiic acids in the paradoxical isomeric modifications whidi it 
imdetgoes. 

1. MeU^lhosfJmc aeid. — ^The metaphosphoric add of Graham eziafs in 

no l^s than three isomeric modifications, the one of which is that originally 
described by its discoTerer, and is prepared in combination with soda by 
melting and allowmg to cool slowly the add phosphate of soda, or micro- 
cosmic salt. The solution of this salt is neutral, or veiy sightly acid, 
and is characterized more particularly by producing precipitates with 
neutral solutions of many salts of the earths and metallic oxides, which 
are generally soluble in an excess of the soda salt, and possess the remark- 
able property of conglomerating, when shaken, into a heavy thick oily mass. 
The solution of the salt itself affords no precipitate with a diluted and 
filtered solution ( t \\liitc of egg, but a precipitate is immediately formed 
in the mixture ou tlie addition of acetic acid. The properties of this solu- 
tion with reference to other salts, hare been carefully investigated by 
Rose, who finds that the acid separated from the soda salt by pre- 
cipitation mth sihrer and subsequent treatment of the silver salt with 
sulphuretted hydrogen, differs in some rejects from the metaphosphoric 
acid obtained hy burning phosphorus in oxygen gas. 

The acid separated from the soda tult, produces no immediate precipi- 
tate in chloride of barium, a fiocculent sediment being deposited only after 
the expiration of some time, baryta water, on the other hand, even when 
not in excess and the liquid is still acid, produces a precipitate directly, 
"^th the metaphosphoric nc\(] obtained by the combustion of ]^hosphorus, 
an immediate copions pr( cipitate is produced by chloride of barium, which 
requires a large excess of the acid to dissolve it. 

* PQ^* Ann. LMVi. 1. 
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The oily resinous precipitate produced by the nr'ul of Grahnm'g snlt in 
nitrate of sil\ i r, has been analysed by Weher, aiid Ibund to contain quan- 
tities correspoiulmo: to the formula 3 AgO, 2 PO, + HO. This composi- 
tion accoTuitd in some measure for the acid obtained from the salt possessing 
different properties from that produced directly from phos])hurus. \\Tien, 
however, the silver precipitate is separated at once iVoni the liquid, and 
dried between blotting paper, its composition then corresponds to that of 
the soda salt 

2. The second modification of metaphosphoric acid Is that ooDtained in 
the singular class of salts prepared by Pleitmann and Henneberg, by cooling 
very slowly melted miciocosmic salt. The salt of soda thos prepared, has 
precisely the same composition as Graham's salt, but differs from it in 
being opaque, and of a crystalline structure, whOe the latter is transpa- 
rent and amorphous. It cr3'stallizes from solution with foor atoms of 
water, and the solution, like that of Graham's salt;, has a neutral re- 
action. 

The most remarkable property of this modification of the acid, is that 
ofproducmsr soluble compounds with all bases, and this enables it to be 
easily distinguisiu d tVom all others. 

3. The acid in tht- salts, formerly known as acid phosphates, li are 
insoluble in water and in acids, may be viewed as the third subnioditica- 
tion of metaphosphoric acid. These salts are obtained by the fusion of 
salts with phosphoric acid, until a portion of the fused mass precipitates 
a solution of white of egg. 

All these modifications of the acid, haye the same capacity of satura- 
tion ; they an precipitate a solution of albumen, which is an excdlent 
qualitatiTe test for a metaphosphate ; it is necessary, however, to add 
acetic mad to the soluble salts, in order to effect this precipitation. 

The property of precipitating chloride of barium is peculiar to that 
modification of the add, which is produced by the co^nbustion of phos- 
phorus. 

"When ordinary phosphoric acid is heated for several hours witliout 
volatilization occurring, tlie modificntioii well known as jn'rojihnsplioric 
acid is obtained ; if, however, the heat be continued until the acid begins 
to volatilize, the product then affords a copious precipitate with albumen 
and chloride of barium ; nitrate of silver is also precipitated white, 
which precipitate becomes resinous when agitated, this proves that meta- 
phosphoric acid has been produced. Uncertainty still reigus respecting 
the true composition of melted phosphoric acid. Rose found in three 
experiments in which the add was suooessiTely heated to higher tempera- 
tures, that the amount of water contained in the product was less each 
time than is required by the formula PO^ HO. flhis result appears to 
indicate that by constantly applied heat, the whole of the water might be 
remoTcd, and anhydrous phosphoric add obtained. 

Bose is indined to explain the mions properties of metaphosphoria 
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acid, by assuming that it is a conjugate acid. The conjunct, he states, 
might be anhydrous phosphoric acid, associated in yarying proportions 
with pyrophosphoric, or oidioftTy phosphoiie acid, and it may be this 
conjiuict, or the anhydrous add wUch possesses the property of precipi- 
tating albumen, and oommunicatet this property to all the modifications 
of metaphosphoric add. 

2, Pyrtpko^horic actef.— *This modification of phosphoric acid, requires 
the assumption of at least two sub-modifications to explain the different 
characters of its salts. The one acid is contained in the salt obtained by 
heating ordinary phosphate of soda to redness, and in the salts derived 
from it. The other is produced in a similar manner to the insoluble 
metaphosphates of ^^?^flfIr^^l, when «nlts containing an excess of ]ihospho- 
ric acid are heated to a temperaturt somewhat lower than that whirli h 
required to convert them into met a phosphates. By this processs a copper 
salt at least is produced, by treating nitrate of copper with phosphoric 
acid, which is quite as insoluble as raetapho.sphate of copper. The acid 
of this salt is, however, easily eliminated by sulphuretted hydrogen, and 
has in the aqueous solution, the same properties as ordinary pyrophos- 
phoric a^. Rose aecounts ibr the diflferent properties and satoratiiig 
powers of pyrophosphoric and ordinary phosphoric adda^ by the isome- 
rism of the two adds, and consideni it not improbable that the one atom 
of water inordinary phosphate of soda, might be expelled without eon- 
▼erting the salt into a pyrophosphate, ^periments undertaken with 
this object in view have not, however, proved successful. 

^rophosphoric acid has a strong tendem^ to form double salts* as has 
been pointed out by Stromeyer and more recently by Persoz, and Baer 
has lately made the interesting observation, that the precipitates produced 
by a solution of pyrophosphate of soda which are insoluble in nn excess of 
the precipitant, arc often insoluble double salts of the soda salt with, the 
pyrophosphate produced, in which the soda and the other base can 
mutually replace each other, without both, as it appears, being contained 
in the double salt in a definite simple relation. Even the silver salt con- 
tains small portions of soda. 

Eosc describes the reactions of the pyrophosphates and of the isolated 
acid, with great mmuteness, and estabUshes the ftct in oontradietion to 
the statements of BeraeMus, that pyrophosphoric add does not predpitate 
albumen, and that this is tiie du^ and most characteristic mode of dis- 
tinguishing this add from metaphosphoric acid. 

3. (MSmary photphone mi, — Bose calls attention to one proper^ of the 
salts of this add which appears to have been overlooked, and which is 
TCiy diaracteristic of them, it is the solubility of very many insoluble 
phosphates in an excess of the saline solution from which they have been 
piedpitated by phosphate of soda. This solution generally possesses the 
property of affording a copious precipitate when heated, which disappears 
on oooUng. Double salts are, therefore, produced, which are decomposed 
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by a bigh temperatuie. Flrecipitates produced by a pyrapbospbate, are 
also often soluble in an excess of the saline solution ; tbese solutions wbea 
heated also become tnibid, but tbe turbidity is pennanost even wbea the 

solution cools. 

The reactions of pbospliate of soda with the whole series of metallic 
salts, have heen agam minutely investigated in tlie paper before us ; for 
the Lletail of these experimeuts we must refer to the orif^:inal. One excel- 
lent test for the presence of phosphoric acid, recently proposed by Svan- 
bei^ and Struve, claims, however, particular attention : this is molybdate 
of ammonia. The test is so delicate, that the most minute traces of the 
add are detected by it under circumstances when other tests are inap- 
plicable. 

If a solution of molybdate of ammonia U added to any solution of a 
phosphate, and then a suffident quantity of bydiodiloric, or better of 
nitrie acid to dissolve tbe precipitate which is at first formed, the liquid 
immediately becomes coloured yellow, and deposits a yellow precipitate 
of molybdic acid, which, however, is not the ordinary modification of the 
acid, and is only produced in the presence of phosphoric add. 

If the phosphate for examination is insoluble in water, a solution in 
nitric acid may be employed for this test. Heat accelerates the predpi- 
tation. The yellow precipitate is soluble in ammonia, as well as in an 
excess of ilie phosphate. For this reason the test is peeulinrlv applicable 
for detecting small quantities of pjiosphoric acid, and larger quantities of 
phosphate are liable to viixdc detection from tbe great amount of molyb- 
date required to produce the yellow precipitate after supersaturating by 
means of nitric acid. 

The colour of the solution does not interfere with tbe distinct recogni- 
tion of tbe cbaracteristie colour of the predpitate. It is only tbe salts of 
ordinary ]iliusphoric add which are subject to this reaction, the other 
modifictktions must be brought into that state therefoie, before the teat 
can be applied. 



On a seriesy/ insoluble aUtaUne salts of phosphoric and arsenic acids.* — 
The only known double salt of phosphoric acid, with an earth and an 
alkali, which is insoluble in water, is the phosphate of ammonia and mag- 
nesia, and this contains two atoms of magnesia to one of ammonia. Rose, 
however, has discovprod that similar double salts of potash and soda, as 
well as of hthia, can be produced both with magnesia and with lime. 

The circumstances under which these salts are most readily pre- 
pared, are : 

\V]it'n iin atom of pyrophosphate of the earth is ia^imately mixed with 
an atom oi carbonated alkali, and the mixture heated to redoeflfb until it 

* IV)8g. Ann. ixxvii. ftBS. 
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mdkn no farther losa of weight. The mass in tliis operation is not 
melted, nor era agglutinateiL It U then heated with water for some 
time» and waahed mth hot water. It is requisite that these proportiDns 
be adhered to, in order to secure the fonuatbn of a considerable portion 
of the salts. 

The compounds obtained, yielded, with few exoeptions due to subse- 
quent decomposition, results, on analysis, which indicated very closely two 
atoms of the earth to one (tf alkali and one of phosphoric acid. The 
washing process requires some time, but the alkali may often be entirdj 
remoTcd if it be too often repeated, and its place in the compound is then 
filled by water. The follo\ving compounds have been obtained in this 
mauiier, and were analysed by M. Weber. 

P /iosp hate 0/ jioiash and lime, phosphate of soda and lime, phosphate of 
potash and strontian, phosphate of soda and strontian, the compositiou of 
this, however, approached nearer to the formula : 

2 (NaO, 2 i5tO, PO ) + HO, 2 StO, PO . 
phosphate 0/ potash and baryta. The phosphates of potash and baryta^ and of 
soda, and bmyta did not agree closely with the formnke. 

Phosphate of potash and magnesia, 

Pho^hate of soda and magnesia* 

Phosphate of Hthia and Urns* 

Chlorides of the alkalies yield the same salts, when fused with phos- 
phates of the earths. 

If, howem, phosphates of the earths are contained in acid solutions, 
in common with the alkalies, the former can then be precipitated by 
ammonia, and the precipitate contains no alkali. 'Hie compounds described 
a!>0TC are, therefore, not produced in the humid way, although the total 
amount of the phospliate is not prceipitated in consequence of the presence 
of the amraouiacal salt that is product 1. 

Other double salts whieh are solnlile, and contain two atoms of alkali to 
one of au earth uiiJ. one of phosphoric acid, appear also to be formed 
under certain circumstances. 

Whoi an orgiuoic substance is charred, and the charred mass is extracted 
with water, the aqueous solutiim frequently contains phosphates of the 
earths, particularly phosphate of lime, which are separated by evapora- 
tion to dryness, and treatment of the dry residue with water. The 
pyrophosphates of the earths, have in this case been dissolved by phos- 
phates of the alkalies, with which they form double salts. 

When an excess of pyrophosphate of soda is heated to incipient redness 
with carbonate of lime, the aqueous solution of the fused mass contains 
phosphate of lime. In performing this experiment, two atoms of pyro- 
phosphate of soda should be employed to one atom of carbonate of lime. 
The Ume is detected in the solution by oxalic acid. The ])hnsphatp of 
lime \^ not easily separated by evaporating the solution to dryness, or by 
passing carbonic acid through it, but readily when carbonate of soda is 
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added, the whole being then evaporated to drynen. The phosphate of 
lime thus precipitated contains* when washed, no carbonate of lime. A 
double salt has obvioualy been formed, in tlil^ cas^ of phosphate of soda 
and phosphate of lime ; the latter separates when a portujn of the soda in 

the solution is convert<?d into carbonate of soda. 

■^rhe arseaiates of the earths nrv even more completely decomposed by 
fusion •with carbonates of the alkalies than tho pbosjtliates. The double 
compounds formed, were those of ])otash aiul ^ mI.i, with magnesia and 
arsenic acid ; they are easily composed, however, by water, that sub- 
titauce m part replacing the alkuii. 



On the products of the distillation rf lactic acid^ and of lactate of copper, 
by Engdhardi* — Wlien highly concentrated lactic acid is exposed in a 
retort to a temperature of from 130 — 140" (298^ to 3 1 (i*^ F, ) an acid, watery 
liqnid distils over, possessuig a somewhat empyreuniatic odour. This 
hquid is dilute lactic acid. If the temperature be kept up in the retort, 
tmtil no more water passes off, a residue is obtained which is amorphous, 
of a brown red colour, melts at a temperature below the boiling point of 
water, possesses a very bitter taste and is soluble iu alcohol, this residue 
comdsta of anhydfons lactic acid (Ci> H^^ O,^. This add ia veiy dightly 
aolahlem hot water, and ia deposited ahnoet entirely when tiie water 
ooola — it is pxeeipitated from alcohol hy water. Bofled with water for a 
length of time, or exposed for a long period to a moist atmosphere, the 
anhydrona acid ia again ccmverted into the ordinary modifieatioD. Thia 
transformation ia more speedily effscted by the alkalies and alkaline 
earths. 

Heated abo?e 250** (482° F.) anhydrous lactic acid eyokes car- 
bonic oxide gas, which towards the end of the operation, if the tempera- 
ture has not risen above 260" (500*' F ) is mixed with only 3 to 4 
volumes per cent of carbonic acid. During this process of distillation a 
yellow hquid condenses in the cooled receiver, which either deposits 
crystals or solidifies into a crystalline magma, a small quantity of a light 
porous charcoal reuiaiuing in the retort. The condensed product wag 
found to be a mixture ul' aJdehyde, iactide, citracouic and hydrated lactic 
acids. 

Lactone and acetone which had been previously found in tibe distillate 
hy Pekraze, were not obtained by Engelhardt. The other products appear 
to result from the decomposition of Iactide, which the author was moiable 
to obtain from anhydrous lactic add without a partial decomposition. 

In one experiment in which 19*5 grms. of anhydrous lactic acid were 
decomposed at a temperature of 260^, (500o F.) and which operation lasted 

* Ann. der ChMi. u. Pharm. uu. 241. 
VOL. IZ. — NO. VIII. B B 
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eight hours, 12'2 per cent of aldehyde, and 14' 9 per cent of lactide were 
ohtained, while 1 per cent of charcoal remained in the retort. At a 

liis-hrr toinperature, c. g. 300'* C. (572" F.) the evolution of gas is 
much more copious, and tlu> quantity of aldehyde is increased, the lactide 
being then decomposed into aldehyde and carbonic oxide, as is shown by 
the following formulae : 

1 eq. Aldehyde . , . C4 H Og 

2 Carbonic oxide . . . O, 

i Lactide . . . .€,11404 

The products of decomposition of anhydrous lactate of copper, vaiy 
likewise with the temperature employed. Between 200 and 210** (292o 
and 4 1 Oo F.) carbonicacid is evolved, and aldehyde with somehydiated lactic 
add collected in the receiver, (the latter bdng probably due to some ivater 
of crystallization in the lactate). The oxygen in the oxide of copper has 
here evidently converted the carbonic oxide into cnrbonic acid. The evo- 
lution which wn^ copious at a temperature of '210" f 110° F.) gradually 
ceases, and tim taUic copper, and anhydrous lactic acid remain in the 
retort, wliich latter is decomposed when the temperature has risen to 
250 or 2C(r (482'» to 500* F.). 

The author recommends the preparation of aldehyde from the lactates 
containing: a weak base. The decomposition of the lactates containing 
strong baseSj gives rise to very different productSi an account of which is 
reecrred for a future occasion. 



Allantoin in the urine of the calf.* — It is well known that the allantoic 
fluid of the cow, contains a peculiar body, allantoiu. This iluid is also 
known to be the urine of the foetus. Wdhler suspected^ and has proved 
that Ihe urine of the living newly-horn cslf, slso oontwns this snbatance 
as a constant and physiologically essential ingredient. The urine of the 
cslf may he employed as a source of allantoin, several grammes of whidi 
hemg contained in or procurable from a single well filled bladder. The 
mine is evaporated to the connstence of a thin syrup> without bdng 
allowed to boil, and is then ]• ft standing for semal days» when allantoui 
oystallizes from it, mixed with much phosphate of magnesia, and an 
amorphous gelatinous body, consisting chiefly of urate of magnesia. The 
urine is diluted with water, and poured off with the gelatinous matter 
from the'crystals. These are then washed once or twice with cold water, 
and heated with water to the boiling point, when they rlipsnlre, leaving 
the insoluble phosphate of magnesia. The solution is rendered colourless 
by animal charcoal. The hot filtered solution should then be acidulated 

* Abo. der Chein. und Pham. lxx. 229* 
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wldi « few dfopi'of bjrdiocliUiric add to prevent the predpifcalioii of a 
little pluiqihafte of mag&eoA wbieh may hm disadTed* fdlaiitoin theb 

crystallizes perfectly colourless from the cold fiqiiiid. 

The crystalline form of allantoin, prepared by the foregoing method, is 
always diffefent from that obtained from the aUantoic fluid, and from uric 
acid, howeyer often it may have been recrystallized. The crystals are 

thinner, and grow together in bundles, while those from the latter sources 
are well defined, particnlarly at their terminations. This modification of 
forni apjM ars to arise from a very shght admixture of some foreiL;u sub- 
stance, wluch is in too iiuimte quantity sensibly to affect the composition 
of the allantoin, and which is perfectly separated by combining it with 
silver, and subsec^uently decomposing the silver compound by hydrochloric 
add. 



On ike composition of Stearin G, Arxh&eher,* — The discordant results 
obtamed by different analysts, wkh lefereoce to the composition of stearin, 
(we Gmdhi, Handbuch, Bd. iy. Sdte 200), induced the aathor to ran* 
▼estigate the eompoiition of tfaia fiit. The results of his investigetion 
prove HaX the stearin of ox suet and mutton suet, are two distinct com- 
pounds. The analysis of Chevreul and Leeanu having reference to that 
from the OK, while those of loebig and Pelouze, ^»ply to the fat of the 
sheep. The mean of four analyses of stearine from three different sonroee 
yielded the following results : 

Carboiu Hydrogen. Oxygen. 
Stearin fnmi oz snet . . . 78 74 12-27 8*99 
Stearin from mutton snet . . 76*50 12*28 11 '22 

The fimner would, therefore^ consist of 1 atom of glycerin •f- 2 atoms 
of stearic add — 8 atoms £i water, while the latter is compofled of 1 atom 
glycerin -i- 2 atoms of stearic acid^ 4 atoms of water. 

Their formulse being respectively : 

Stearin of the ox ... Cm, H,,, Ou 
„ ,i sheep . . . Citf O^a 

100 parts would* thereforo* yield bj sqionification : 

Oa IsHow. Mtttton tdlofw. 
Stearic add .... 98*15 94*90 
Glycerin .... 8*50 8*23 

106-65 103* 13 , 



* Ana. dor ClMn. nad Phtna. ucx. 239. 
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Bwperiments witkiMimm, casein and fibrin, by F. Bupp^* — Alburaeo^ «». 

sein, and fibrin were exposed by the author to the same dienilcal agents, 
with a view to ascertain whether the products were the same in the case of 
each. Acids, strong alkali, and putrefaction, save rise iu every case to 
the formation of leucin ; alkali and put refaction, ai;aiii destroyer 1 this 
product, whcQ their action was ]>rolonged for a suthcieut length of time, 
giving rise to a lare-e quantity of valerianic acid. 

Acids and alkali give rise to the foraialioii of tjrnMin ; the alkali if 
allowed to exert its lutiiience sufficiently long, again decomposes this 
substance. Putrefaction, however, which eztaadft iCf Influence beyond 
the stage at which leucin is produced, stops short before the fonnatioii of 
tyrosin is eflSected. 

Besides the well chimcteiized substances, leadn and tyrosin, another 
dystaUizable substance was obtaimdbj the action of acids, but was not 
more minutely examined by the author. In like manner a volatile cry- 
stalline body was observed as resulting from the putrefactive process, 
characterised by a penetrating odour, and an oily acid, but slightly 
soluble in cold, but more soluble in hot water, the lead salt of which is 
resinous and soluble in alcohol. 

Leucin is the first product of the action of hydrate of {mtash on any 
of these bodies ; tyrosin is an after-product. Tlie acid, tiierefore, is the 
producer of the tyrosin, and carries on a similar action to a greater extent 
than the process of f)ut refaction, giving: rise, however, at the same time 
to a smeary nitrogenous substance, which was not observed the result 
of the putrefactive process. The action of the acids is not attended by 
tiie evolution of any gases, while putrefaction gives rise to abundance of 
carbonic add, sulphnretted hydrogen and water, which are the sbnpkst 
otmstituents or proximate principles of these complex groups of atoms. 
Nitrogen appears in five different products of these decompositions, m 
a mmon i a, leucin, tyrosin ; a substance similar to these two latter observed 
jn small quantity, and in the volatile body so characteristic by its intense 
odour. The sulphur of these protein compounds is evolved as snlphn* 
retted hydrogen when putrefaction or alkali are the destructiye agoits } 
when firids nre employed to effect the decomposition, it remuns in CODK 
bination with a brown amorphous mass not yet further investigated. 



On the ehemietd cos^idfttiba of bime8,f — The composition of the phos- 
phate of lime contain^ in bones, has generally been assumed iqpon the 
authority of Berzehus to be represented by the formula 8 CaO, 3 FO^. 
Some chemists, however, e, g. Marchand and Boussinganll^ have 

* Annalen der Chem. u. Pham. utix. 16. 
t Pogg. Ana. Lxxvix. 267. 
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expressed an opinion that the true composition of this compound should 
be expressed by the formula 3 CaO, PO,. With a vievt to clear up these 
Loiitratlictor)' atatemeuis, lieiiiU lias most thoroughly reinvestigated the 
entire composition of the bones of man, of the ox, and sheep. 

The following tabohir aUitemeat conteixis the numerical resnltfl of his 
.analyaefl. 

Of tlie two analyses of humaik bone, the first w«8 ezecated with borne 
which had been charred, while for the seoondt the inorganic constituents 
were extracted from the dried bone by muriatic add, in order to avoid any 
possibility of error, which might possibly have arisen firam a loaf in phos- 
phoric acid, in the process of charring. The two experiments prove 
that the temperature employed in the case of the first was not sufficiently 
high to cause any decomposition of tlie phosphates. 

The carbonic acid has been calculated as i n combination with lime, and 
the magnesia as in combination with phosphoric add. 

Ox. Sfae^. Man. 









I. 


II. 


Carbonate of lime . . 


7*07 


7-00 


6*36 


6*39 


Phosphate of magnesia 










(3 CaO PO.) . . . 


2-09 


1-59 


1-23 


1-21 


Phosphate of hme (3 GaO 










PO,) 


58-30 


62/0 


6013 


59-67 




1-96 


2-17 


1-81 


1-62 


Organic matter, &c. . 


30-58 


26-54 


30-47 


3111 


100 


100 


100 


100 



The excess of lime indicated by these analyses was found by direct expe- 
riment to be in combination with fluorine. 

The composition of bones, therefore^ irrespectiTC of the organic matter 
would be: 



Ox bone. Sheep bone. HumaD bone. 



Carbonate of lime . . 
Phosphate of magnesia 
(3 MgO, PO,) . . . 
Phosphate of lime (3CaO 



Fluoride of calcium . 







t. 


II. 


1007 


9-42 


9*06 


919 


2-98 


215 


1-75 


1*74 


83*07 


84-39 


85-62 


85-83 


3-88 


4*05 


3*57 


3*24 



100 00 100*00 100 00 10000 
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These experiments therefore |irove : 

1. Tliat the bones of the vertebrate aninmls, contain a small amount of 
fluoride of calcium, as has been already shewn bj Beraelius, Frerichs, 
Erdmann and others. 

3. That tbe chief maciB of the hones whieh eommimicates Bdlidi^ to their 
stmctme, is entirely free from chlorides, fnm sulphates^ and from mm, 
'Wherever these have bem found as oonstitaents of boiie« the fluids coa- 
tained in the bone had not been pmiotuly removed hj water. 

3. Tbat the amount of fixed bases in bones la exactly sufficient to satii- 
rate the adds associated with them, and consequently not only the phos* 
phate of magnesia, which is only difficultly soluble, when it contains three 
atoms of base to one of acid, and in which state it can only be contained 
in bone that has boeii treated with water, hut n\m the phosphate of lime 
must be contained in such proportion as to correspond to the formula 
3 KO, P0» 
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Lanthaninm, separatfon of. Cerium, atid 

didymium, 140, 144. 
Lead, bassiate of, 231L 
On traces of copper an in the 
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selenites of, fiL 

Makins, G. il^ Esq., on the relative ex- 
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Millie acid, on the conversion of, into 
succinic acid, 95. 

Maule, George, Esq., on nitromesidine, 
a new organic base, 

Mayer, J. E., analysis of the mineral 
constituents of the flax plaut, and of 
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Mitchel, John, Esq., analysis of the 
water supplied by the Hampstead 
Water-work Company, by, 32^ 

Muspratt, Dr. Sheridan, on the salts of 
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ethyl in presence of, 2HH 

Analysis of the, supplied by the 

Haiupstead Water-works Company, 
by John Mitchell, Esq., Z2. 
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